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PREFACE 


The present book aims to meet the needs of Degree Course 
students, who enter college with a smattering of knowledge in 
the rudiments of science, and as such, feel unequal to the task of 
coping with the fairly advanced syllabus of collegiate studies. 
Analytical Chemistry, in particular, is a stiff hurdle and many a 
beginner comes to grief in their efforts to negotiate this hurdle. 


' Much careful planning has, therefore, gone into the making 


of this book so as to obviate the difficulties of beginners and 
render the operations and principles of analytical chemistry as 
simple and intelligible as possible. The author has every hope 
that the book will help the students to a living interest in and 
a good grasp of the subject. 

In writing this book the author has had unstinted help and 
encouragement from many educationists and friends to all of 
whom he acknowledges his indebtedness. Special thanks are 
due to the publishers, Sri Mohendranath Paul for the eager 
interest he has taken in the publication. 

Criticisms of whatever shortcomings the book may have 
are cordially invited from learned colleagues and it is hoped 
that the next edition of the book will be immensely benefited 
by their kind and wise suggestions. 


City College, 
Chemical Laboratory, AUTHOR 
January, . 1988. 
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CHAPTER I 


A SYSTEMATIC ^ 
SCHEME. FOR QUALITATIVE, ANALYSIS 


А systematic process of qualitative analysis of every inorganic substance 
comprises : < ЈУ 

1. Preliminary examination for basic radicals; 

2. Preliminary examination for acidic radicals; 

3. Special tests for interfering acids; 
. .4. Preparation of solution for examination of basic radicals (or cations); 

5. Examination of solution for basic radicals; 

6. Preparation of solution for examination of acid,radicals (ог anions); 

7. Examination of solution for acid radicals; 

8. Determination of probable composition. 


Examination of the substance should be carried out in the н 
above order and after the completion.of the analysis a. probable 
composition of the sample is'tó be suggested: 

It should be noted here that some prefer а modification* of 
thë: above scheme: of analysis... But in. this treatise, however, 
we will confine ourselves to the discussion of operation in the 
order stated above. . 1 

Whatever.be the order, unless otherwise stated, don't feel 

. tempted. at any stage of your operations to be side-tracked into 
carrying out one or the other. confirmatory reactions leaving 
aside your systematic work. за 

Before proceeding with the systematic analysis, the" physical 
characteristics of the substance supplied should be carefully 
noted... Observe, if; possible, whether the substance is crystalline 
or amorphous. Note that a substance cannot be said to be 
amorphous or crystalline unless it is thoroughly examined, e.g., 
by microscope, X-ray analysis; etc. Note also whether it has:any 
‘characteristic colour or odour ‘and: whether it is comparatively 
light or heavy.’ [Compounds of mercury and lead are’ ‘heavy 
and those of magnesium and aluminium are usually- Неће] 

*Modified sclieme;. „Before proceeding with the examination of cations in 
solution, the examination of anions in solution is carried out.’ эм 
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Colours of commonly known Inorganic substances are listed 
below: 


Red: HgO, Hgl,, HgS, Аз;5а, Sb,S;, Pb;O,, СизО, CrO;, АраСго,. 
Pink: . Hydrated salts of cobalt and of manganese with few exceptions. 
Brown: Chromates of iron апа copper, Ее;О., Ре; 0,, Fe(OH);, PbO, 

(may appear black also), CO, AgsAsO,, 515, Mn,0,, Мп: О. . 
Yellow: Chromates, ferric chloride, CdS (may appear orange-red also), 


As,SySnS;, Agl, РЫ,, Hg, PbO, Bi,O;, HgO’, ЕеРО; (very. 
light yellow). . : 
Black: 'А815, PbS, CuS, HgS, Ві,5,, FeS, CoS, NiS, CuO, FeO, Fe,O,, 
· СоО (olive green, may appear. black), ‘Со, О, NiO, Ni,O,. 
МлО;:. There is one variety of 56,5, which is black. 
Blue: “Hydrated cupric salts; anhydrous, cobalt salts. 
. Green: Cupric copper in some salts (rest are blue), some salts of ferrous 
iron, chromium and of nickel; Cr,0,, C(OH), and Ня»: 
Orange Red: Dichromates, Sb,S;. 


_ Besides, the colour of the solution obtained on dissolving the substance . 
in a particular solvent for analysis (and any change of colour on dilution) 
should be noted, аз it may often give useful indication. ' 


‚_ Colours of the solution : Coloured ions are best seen in dilute solution. 
UE CEU M colours are'exhibited:by the ions present in the dilute 
solution: - T А | 


Yellow: Ferric iron, chromates, ferfocyanides' [note ‘that’ the yellow 
colour is often observed in conc. HCl and aqua regia solutions, 
‚ which may not contain above ions]. 

Blue: Cupric copper. 7 

Огапре Кей: Dichromates [colour of.the solution vary from yellow to 
5 orange-red depending on concentration and РН). 

Pink: „` Cobalt, manganese. | 

Сгееп: Ferrous iron, trivalent chromium, nickel, manganates, 

It should be remembered that. in the case of a mixture of 
substances having different colours the aboye colour chart may ` 
not be of any help-and may even be misleading, But, when the 
presence. of all the acidic and basic radicals in a sample is 
known [i.e., after the completion of the. analysis], а ‘student 
knowing the solubility of different constituents of the mixture 
in different solvents [solubility chart) will find the colour chart 
very helpful in suggesting a probable composition of the sample 


supplied. 


CHAPTER П 
PRELIMINARY TESTS FOR BASIC RADICALS, 


If the substance supplied be not in: а state of fine division, 
it should be reduced.to fine powder in. а mortar before 
proceeding with the following tests. The following tests should 
be carried out quickly, more or less in the order given below 
and should never be omitted as it often gives us an idea of the _ 
nature of the sample to be.analysed and the method to be 
adopted for its subsequent examination: 


1. Closed tube test, i.e., heating in a dry test tube; 
1.(а) & (b) Special closed tube tests; 

2. Heating in oxidising flame on charcoal block; 
2.(a) Cobalt nitrate test; 

21 (b). Borax bead test; 

3. Heating in reducing flame on charcoal block; 

4. . Flame test; 

5.  Microcosmic bead test ; 

6. Some special tests. 


1l. Heating in a test tube 

Take a little quantity of the dry powdered sample in a clean 
and dry test tube in such a way that not a speck of it adheres 
to the sides of the test tube. Now heat the tube cautiously ; 
at first gently, and then strongly in the non-luminous Bunsen 
flame, holding the tube in ‘an almost horizontal position; note 
carefully any change that takes Qe 


Inferences 


Observations 


А. The. substance changes colour: 


(i) Blackening Salis of Си 


Ni, Mn, Co and, 

SE j Fe. 
(ii) Yellow when hot, white when cold ZnO and many 
у Zn compounds. 


(iii). Yellowish-brown when hot, white ^ $80, 


or light yellow when cold, but without fusion 
on strong heating. 
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Inferences 


Observations 
(iv) Orange-yellow or reddish-brown when Bi;O, 
hot, dull yellow when cold (the substance 
being fusible at red heat). 
(v) Yellow when hot, yellow when cold. | PbO and some 


Pb compounds. 


CdO and many 
Cd compounds. 


The substance fuses at red heat. 
(vi) Dark brown but infusible when hot, 
dark brown when cold. Е 


(vii) Dark red or nearly black when hot, Ғе,О, 
reddish-brown when cold. у 
(viii) Red when cold, turns black оп | PbO, HgO 
slight heating. But when heated strongly: : 
(a) Forms shining mirror on cooler HgO 
parts of the test tube. 
(b) Turns reddish-brown. PbO, 


Сг,О; and some 
chromium 
compounds. 


(ix) Green when both hot and cold. 


B. The substance does not change colour: 
(i) The substance is white and shows no 
change at all. ` 


(i) The substance fuses and undergoes 
solidification on cooling, 


Al, Ba, Ca, Sr, 
Mg. 

Ma ny com- 
pounds of alka- 
lis and alkaline 
earth metals, 


Borax, alums, 


(iii) The substance first swells, then melts 
ј etc. 


and finally solidifies. 


N.B. The changes of colour are sometimes due to simple 
physical change (e.g., Еез Оз), sometimes due to loss of water 
of crystallisation (e.g., blue copper sulphate becoming white) 
followed or accompanied by decomposition of the substance 
by heat, sometimes to mere decomposition of the substance into 
metal (e.g. change of red HgO into shining mirror of Hg), 
sometimes due to conversion of the substance into oxides of metal 
[e.g., colourless Pb(NOj), changing to yellow PbO] and 'some- 
times due to oxidation, e.g., red Cu,O- changes to black CuO 


by heating. 
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Observations 


Inferences 


C. Elimination of water takes place: 


The'substance gives off water, which con- 
denses in drops on the cooler upper portion 
of the test tube. 


(г) Condensed water is acid to litmus. | 


(i) Condensed water is alkaline to 
litmus. ` 


(iii) Condensed water is neutral to litmus. 


D. 


(i) Reddish-brown ‘gas, which’ does not 
turn CS, layer brown. 


Gas or vapours given off: 


(ii) Reddish-brown gas—turns CS; brown 
and starch-KI paper blue. 


(iii) Yellowish-green gas having the smell 
of bleaching powder—turns starch-KI paper 
blue and bleaches moist litmus paper. 


(iv) Violet vapours of iodine is evolved 
(condensing to black crystals The vapour 
turns starch paper blue. 


Free volatile 
acids, acid salts 
and anhydrides 
and also the 
readily decom- 
posable salts of 
strong acids. 


Ammonium 
compounds. 


Water of 
crystallisa- 
tion, water oof 
hydration, etc. 


NO, from 
nitrates ог 
nitrites of 
heavy metals. 


Bromine from 
bromides of 
heavy metals 
and mixture of 
bromides and 
oxidising agents. 


Chlorine is 
evolved from 
chlorides in 
presence of 
oxidising agents, 
unstable chlo- 
rides, e.g., of 
copper. 


Free _ iodine 
and certain 
iodides. 
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"Observations Inferences 


(у) Colourless, odourless gas is evolvi 
Tt turns lime water milky. ч 


Carbon 
dioxide from 
carbonates, 
bicarbonates. 


(vi) Colourless, odourless gas rekindles а 
glowing splint.: 


Oxygen from 
chlorates, bro- 
mates, iodates, 
nitrates, per- 
oxides, per- 
chloratés and 
permanganates. 


HS from 
hydrated 
sulphides, acid 
sulphides. 


(уй) Colourless gas having the smell of 
rotten eggs, turning lead acetate paper black. 


50, from 
sulphites, thio- 
sulphates and 
Certain sul- 
phates. 


i; (viii) Colourless gas having the odour of 
burning sulphur, turning dichromate paper 
green. 


Ammonia 
from ammoni- 
um salts. 


(ix) Colourless gas having pungent odour 
of ammonia, turning mercurous nitrate paper 
black. The gas also blues red litmus paper. 


E. A sublimate is formed: Volatile com- 


Pounds, eg., 
several com- 
pounds of Hg, 
As, Sb, МНҒ, 
etc. 


(a) The substance melts and Jields a white 


HgBr,, 
sublimate. НЕСІ, HgBr, 


PbCh,  Sb,0, 
SnCl,. 


colour, yellow: sublimate is formed. 
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Observations | 


Hg,Cl,, Hg;Brs, 
Free boric acid, 
| Ammonium 
| compounds 
wit h` volatile 
acids, arsenites, 
Аѕ,0,. 


(B) А white sublimate, the substance does not 
melt before volatilisation. X 


(c) The substance gives a coloured sublimate. 
(i) Original., colour "об, the. substance із 
red or black; Sublimate—black, turns red on. 
prolonged trituration. 1 
"у Original substances “is red, subliniate' 
yellow, turns red when rubbed with а glass rod. 
(iii): Original substance is yellow; |-subli-, 
mate dark: reddish-brown : when: hot, vred to, 
reddish-yellow» when cold. А 


: (iv) Original substance is golden yellow in 


“Hels 
о Азад · 


505, 
(у) Original substance is red or black or 
snuff coloured, sublimate is almost black when 
hot, orange. when cold. 112517 jadi 
"''(vi) Original “substance is -bluish-black' 
erystals; evolution of: violet vapours; blue-black 
sublimate. Р кай б Г ] 
. (vii) Grey sublimate or a metallic shining 
-mirror, "which соаезсез into globules —of- 
mercury on rubbing with a glass rod: 


Sb. Sb, 


Todine 1990 


Mercury oxide, 
зоте co m- 
pounds of 
mercury that 
are transform- 
ed into oxides 
easily. 


N.B. The observations (D) recorded in pages 5-6 help to 


suggest (ће acidic radicals and hence should be considered! along 
with preliminary examination for the acidic part of the Substance 


described later on. К | Rare 
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1. (a) Special closed tube test : ` 
Ша white sublimate is formed in experiment 1, ie., closed 
tube test, пих а portion of the original substance on a piece of 
paper, with four times its volume of anhydrous Na,CO,. 
у Таке a portion of this mixture in а clean and dry test tube in 
such a way that not a speck of the substance adheres to the sides, 
of the tube and heat it strongly. 


Observations Inferences 


Ammonium 
compounds. 


(i) Characteristic smell of ammonia; the 
gas turns mercurous nitrate paper black and 
red litmus paper blue. i 9}: 


(ii) А grey mirror. coalesces into globules | Hg compounds 


of Hg on being rubbed with a glass rod. 


Compounds. of 
arsenic [excep- 
tion. —As,S,, 
Аз$ апа 
arsenates. 


(iii) Garlic odour; shining ‘black mirror, 
which does not give globules on rubbing with 
a glass rod. 


1. (5). no satisfactory result is obtained in. experiment 
І. (a), heat the substance with а mixture .of Na,CO, and KCN 
(or charcoal powder). Take.a mixture of one part of the dry 
substance with 4 times its volume:of anhydrous Na;CO, and 
KCN in a clean and dry test tube and finally heat. 


Observations 


Inferences 


ТА, A mirror is formed: 
~ (i) Shining mirror, which coalesces into Hg compounds 
globules of mercury on being rubbed with a 
glass rod. : - 
.. (ii): Black, mirror, no globules оп rubbing | As compounds 
with a glass rod. 


(ii) Shining metallic mirror. Cd. compounds 
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Observations 


B. А bead is formed: 
(5) Metallic bead marks paper 
(i) Bead does not mark paper 


Pb compounds 
Compounds of 
Ag*, Sbt, Sn, 
Bi. 


N.B. Caution: Don't inhale on any account the fumes 
that may be evolved in the experiment. Discard the test 


tube. 
In case a bead is formed recover the bead by breaking the 
test tube and making it free from KCN after thoroughly washing 


the bead with water. 


Some reactions. in the special closed tube test: 


Mercury compounds: 
(a) HegCl,-+Na,CO, = HgCO,+2NaCl 
HgCO, = HgO--CO, 
(red) 
2HgO = 2Hg--Os: 


(b Hg,Cl,+Na,CO, = Hg,CO,+2NaCl 
Hg,CO, = Hg,0+ CO, 
2Hg,0 = 4Hg4-O.. 


Ammonium Compounds: t 
‘2NH,CI-+Na,CO, = (NH,);CO3+2NaCl 
(NH,),CO, = 2NH;+CO,+ H,0. 

Heating the substance with Na;CO; and charcoal (or KCN) 
facilitates the conversion of the compound into the correspond- 
ing metal, e.g., 

510, -2КСМ = Sn+2KCNO 
2As,0;-+ LOKCN = As,+10KCNO. 
a a О IT: 

«та case of Ag, the bead will have a white shining appearance. ` 

r may sometimes be obtained with Sb- 


+In this test a black mirro 
luble in NaOCl but that obtained from 


compounds. The mirror is inso 


As-compounds 15 soluble in NaOCI. 
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2. Heating- in-oxidising flame on charcoal block - TA. 
"Heat a "little of the substance in a small cavity scooped at 

one end of a charcoal block in the oxidising flame* with a mouth 

blow-pipe. bamsoi 2 i { 


‚ Observations | : Inferences 


"^ (a) и takes place Nitrates, Ni- 
trites, chlorates, 
icdates, · per- 
manganate§,i.e., 
substances rich 
in oxygen. 


Bro m id es, 
iodi d.e 8, 
chlorides of 
' alkalis; - crystal- 
line salts, ‚е.2., 
ка, NaCl, etc. 


(c) The substance fuses readily 

(i) and'sinks info the charcoal: | Salts of alkalis 
and some salts 
of alkaline 


earths. 


(ii) and a bead is obtained which does | Borates, . phos- 
not sink into the charcoal., phates, silicates. 


*R.F. and O.F.: Reduce the size of the flame to about two inches long 
by regulating the supply of gas. | Close the air hole of the burner and.sée that 
the flame is luminous, 1 Hold;the nozzle of the mouth. blow-pipe just outside 
the flame and after the cheeks have blown out to their fullest extent blow gently 
and steadily from cheeks so as to,project the inner bluish cone on to the sub- 
stance taken in the charcoal groove. This is heating by a reducing flame 
(R.F.). Don’t blow vigorously | as the flame will then become ‘oxidising. 

To get an oxidising flame (O.F.) Keep the air hole open. Hold the nozzle 

of the mouth blow-pipe in, the centre of the flame and blow gently 

. but somewhat more vigorously, than before. Allow the extreme tip (which 
is, almost invisible) of the flame to fall upon the substance taken in the 


charcoal groove. 
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Observations 


(d) An incrustation is formed surrounding 
the groove on charcoal block. 
G) White incrustation (dense white fumes 
also evolve). 
(ii) White incrustation with a blue edge. 
(iii) Incrustation—yellow when hot, white 
when cold. 
(iv) Incrustation deep yellow when hot, 
sulphur yellow when cold. 
(у) Reddish-brown incrustation at a dis- 
tance away from the hot area. 
N.B. Ash of charcoal block 
mistaken. for incrustation. 
(e) A bead is formed 


may. be 


(0 White malleable bead which marks 
paper. 
(ii) Bead does not mark paper. 


(f) Residue left on charcoal is coloured 
'(i) Residue—Black and infusible. 


(ii) Residue—Brown and infusible. 


(iii) Residue—Green and infusible. 
(iv) Residue—Red (or yellow) and fusible. 


М.В. Coloured residues’ are often ођ- 
tained from coloured salts. 


| (g) White. infusible residue, incandescent 
when hot is left on charcoal 


Inferences 


МНЕ, Hg and 
As compounds. 
Sb compounds 


Compounds of 


Zn, Sn ›, 
Pb compounds 


Cd compounds 


Compounds of 
Ag, Pb, Bi, Sb 
etc. : 

Pb compounds 


‘Compounds of 
Ag, Bi, Sb. 


Compounds of 


compounds. 

Сг compounds 
Compounds of 
Pb, Bi, 'CrO,". 


f 


Сао, SrO, BaO, 
MgO, SnO;, 
ZnO, АЂО, and 
SiO,. 
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N.B. When a white (white; light yellow or grey) residue. 
is left on charcoal, perform cobalt nitrate test [expt. 2. (a)]. 


When the substance supplied is coloured .and/or whenever а · 


coloured residue is left on charcoal in the above test, try 
borax bead test [expt. 2. (b)]. But if the substance shows ten- 
dency of reduction, e.g., in the case of Pb, Ag, etc, perform 
charcoal reduction test (expt. 22 ИЧА 


2. (а) Cobalt nitrate test 


Moisten the white residue left on charcoal with a drop or 
two of dilute solution of cobalt nitrate and heat again in. the 
oxidising flame by means of a mouth blow-pipe. 


Observe the colour of the residue. 


Observations Inferences 


(i) Blue or violet residue A] compounds, 
phosphates, 

borates, 
arsenates and 


silicates 


(ii) Green residue. Zn compounds 


(ii) Bluish-green residue Sn compounds 


Compounds 
of Ca, Sr and 
Ba. 

Mg compounds 


(iv) Grey residue. 


(vi) Pink residue. 


М.В. Don't add excess of cobalt nitrate Co(NOs)2 for 
carrying out the experiment, because CoO: is formed. by 
decomposition of Co(NO,), on heating. If this oxide be 
formed in excess, the excess of it will be converted under 
experimental condition into cobaltic oxide Co,0,, Which 
is black in colour. This will mask the distinctive colours 
produced by combination of CoO with the oxide (residue) 
by its own black colour. 
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Reactions in cobalt nitrate test 
Certain oxides—the. white residual mass formed from 
compounds under examination—on combination with cobalt 
oxide derived from cobalt nitrate develop remarkable, charac- 
teristic colour. 
2Co(NO;),—2Co0 3-2N;0;-1-O; 


O-L- A1,04— CoALO;(blue) 
о Thenard's blue 


CoO--ZnO—CoZnO; (green) 
Rinmann's green 


With MgO a compound possibly having similar composition 
(MgO, CoO) is formed. 


2. (b) Borax bead test 

Clean up a platinum wire first by heating it in the non- 
luminous Bunsen flame and dipping it repeatedly into borax. 
Heat the wire again unti) the borax swells up and forms a 
clean transparent glassy bead. Hold the wire in the flame in 
such a manner that the bead moves from end to end. Finally, 
jerk the bead off the wire while hot. Make a loop at the end of 
of a platinum wire thus cleansed by winding it at the tip of a 
blow-pipe: Heat the loop in the non-luminous Bunsen flame 
and dip it in fresh borax, which adheres to it. Heat the loop 
again until a bead is formed as before. Touch the substance 
with the hot bead so that only a little of the substance adheres 
to the bead. Heat the bead again first (a) in the oxidising flame, ` 


then (5) in the reducing flame. Note the colour of the bead in 
each case. 


Observations Inferences 


Colour of the bead 


Oxidising flame Readucing flame 


(i) Green when hot 


Opaque red on 
but blue when cold. 


cooling (helped ђу 
the addition of a 
drop of SnCl, to the 
blue bead obtained 
in the O.F.). 


Cu-compounds 
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Observations Inferences 


Colour of the bead 


Oxidising flame Reducing flame 


(ii) Sapphire blue 
when both hot and 
cold. 


Sapphire blue Co-compounds 


Green bead, when 
hot or cold. 


(iii) Reddish-yellow 
while hot but be- 
. comes yellow on 


Fe-compounds 


cooling. Г 
(iv) Green when Green when both Cr-compounds 
both hot and cold. hot and cold. 


() Amethyst Colourless Mn-compounds 
violet. 

(vi) Brown when 
hot; light brown 


when cold. 


Grey or black and 
opaque after cool- 
ing 


Ni-compounds 


N.B. Carry out the borax bead test with a very small 
quantity of the substance. But, if the colour is not prominent, 
take a little more of the substance for this test by touching the 
substance with the hot bead. Too much of the substance forms 
saturated bead and the bead may become opaque or so dark 
coloured that it cannot be detected easily. 


Reactions in Borax bead test; 

Borax on being heated,-swells up, loses its water of 
crystallisation and finally forms a transparent glass-like bead, 
which is a mixture of sodium meta-borate and boric anhydride. 

Na,B,O7,10H,O=Na,B,0,+ 10H,O 
Na,B,O,=2NaBO,-+B,0,. 

When the bead is heated with certain metallic salts, the 

latter loses its water of crystallisation if there be any and is 


finally converted into oxide, which,.on reaction with BO; 
and NaBO,, produces meta-borate and ortho-borate. The 
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coloured bead is due to the’ characteristic colour of the meta- 
borate. Thus, with copper salt (in («ће oxidising flame) the 
following reactions occur: 5 oc ыг 
CuSO,, 5H,O = CuSO,+5H;0 
CuSO, = CuO FSO; 


Спо+В,0, = Сц(ВО,),. CuO--NaBO,-NaCuBO;. 


meta-borate у - ortho-borate 

In the reducing flame, the following reactions occur: 

The meta-borate in contact with carbon of the reducing flame 
undergoes reduction first to colourless cuprous meta-borate and 
ultimately to metallic copper, which is red in colour: 

2Cu(BO;),+C = Cu,(BO,);+B,0;+CO 
Си, (ВО) +С = 2Cu+B,0,+CO 
ВО. +2Маво; = Na;B4O;. 

Hence in some cases (as in the case of copper) borates 
corresponding to varying stages of oxidation of the metal are 
obtained. i : à 

The borate corresponding to higher oxide of metal is obtained 
in the O.F. and the borate corresponding to the lower oxide is 
obtained in the К.Е. Iron gives ferrous and ferric; Mn gives ` 
manganous and manganic borates, -ic in the oxidising and -ous 
in the reducing flame. Thus the different coloured beads are 
formed because! of the formation of meta-borates (having differ- 
ent colours) corresponding to the varying stages of ‘oxidation. 
Note that in the case of compounds of nickel, Ni(BO;), 
corresponding to.NiO, the only basic oxide of nickel is formed 
in the oxidising flame, when the bead turns brown; this borate 
then .undergoes reduction to metallic, nickel in the reducing 
flame and ‘ап’ opaque bead results, Chromium and. cobalt 
yield Cr(BO,), and Co(BO;); respectively in the oxidising flame. 
Сг(ВО,)з is not reduced by. В.Е. and colour of cobaltous 
compound is blue; hence in the case of Cr-salts one and the 
some colour'is observed. both in О.Е. and. R.F. and a blue 
coloured bead. is obtained in both the flames with cobalt 
compounds.: 


3, Heating in reducing flame òn charcoal block 
Mix a little of the substance with about 3 to 4 parts of 
anhydrous sodium carbonate on a piece of paper. Take а 
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portion of the mixture in a cavity cut out on a piece обсћагсоа! 
and heat it in the reducing flame by means of a mouth blow-pipe. 


Observations Inferences 
A. An incrustation without, metallic | bead. 
(i) Brown incrustation. f Cd 
(ii) White incrustation and fumes having Аз 
garlic smell.. 
(iii) White-.incrustation, which becomes Zn 
yellow while hot, Again turns white on cooling. 
B. А metallic bead with. incrustation , Г 
(i) Yellow. incrustation; bead. malleable Pb 
and marks paper ‘ j 
(ii) Yellow  incrustation; : bead. pinkish, Bi 
white and brittle. Y 
(iii) White. incrustation; bead—white and Sb 
brittle. d у 
С. А metallic bead without incrustation 
G) Scattered bead; white and malleable Sn 
_ Gi) Grey Magnetic mass. Fe, Ni, Co 
_ (iii) White malleable bead. ЖУ 
(iv) Red flakes and spongy mass Cine: 
D. White _ infusible residue, but becomes Ва ог (Са, 
incandescent on heating Mg, Al, Si, 
E. Green residue left on charcoal Сг, 


NB. 1. Salts of all sulphur acids are reduced to sulphides 
by this treatment. Hence to detect sulphur acids: { 

(i) Extract the residue with a little water and. filter. Add 
a few drops of the filtrate to a freshly-prepared sodium 


nitroprusside solution. An unstable violet coloration indicates 


the presence of sulphur compounds. р 
d) Treat the fused mass (residue) with dilute HCl; smell 


of rotten eggs indicates the presence of sulphür compounds. 
Sb compounds be suspected, 


. If resence of Sn and 
Ms in ds eun flame a little of the substance‘on charcoal 
with Na,CO, and KCN instead of Na,CO; alone, since beads 
of Sn and Sb are not formed easily. 
3. Make separate cavity for separate substance. 
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Reactions їп .Charcoal reduction test: 


On réaction with Na,CO, the substances are converted into 
éarbonates and these are, for the most part, decomposed into 
oxides and carbon dioxide. ‘Тһе oxides of the metals may remain 
unchanged or may undergo further decomposition or reduction. 
Thus with ‘silver’ sulphate 

[Ag.SO,+Na,CO, = Agi0+CO;+-Na,SO, 
2Ag,0-+C = 4Ag+CO,] 
a white metallic bead is obtained. Note that the decomposi- 
tion of Ag,O into metallic silver occurs even in absence of 
charcoal. Oxides of lead, copper, etc. are reduced to metallic 
condition by charcoal but oxides of Ca, Sr, Ba and Al are not 
reduced. : 
CuSO, + Na,CO, = Сисо, + Na,SO, 
CuCO, = CuO-- CO, 
2CuO4-C = 2Cu-4- CO, 
In the case of chromium salts, non-reducible Cr,O; is formed. 
Cr.(SO,);+ 3Na,CO, = CrO; +3CO,+ 3Na;SO, 
(Green coloüred) 

KCN helps the reduction of SnO,, Ni is otherwise diffi- 

cultly reduced. 5 
SnO,+ 2KCN=Sn+ 2KCNO. 


Oxides of arsenic, cadmium and zinc are easily. reduced to 
respective metals, which teing volatile come in contact with 
the oxidising zone of the flame whereby they are oxidised to 
difficultly volatile oxides. The oxides are then deposited as 
incrustation surrounding the charcoal cavity. Thus with 
Cd-salts 3 

-. Саво, + Na,CO,— CdCO, + Ма,50,, CdCO,=Cd0+CO, 
2CdO+C=2Cd+CO,. 2Cd--0,—2CdO. 


4. Flame test 
Moisten а clean* platinum wire with pure and concentrated ` 


ае ааш ВЕЕ 
*Cleanse the platinum wire first by heating with borax (see borax bead 
test), if necessary (i.e., to remove the persistent colours) then by heating with 
concentrated HCl. [Dipping of the pt.-wire in conc. HCl and heating 
should be done alternately till it fails to impart any colour to the non-luminous 
flame.] 
ТАС—2 
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НСІ and then dip the tip of the wire into a portion of the 
Substance taken out on a watch glass or a piece of paper 
when some particles adhere to, the wire. [Do not dip the 
wire directly into the original sample, which in that case will 
be contaminated with НСІ] Now hold the tip of the platinum 
wire at the base of the non-luminous flame and gradually raise 
the wire. Continue alternate moistening with concentrated 
HCI and heating for a few minutes*; note the colour imparted 
to the flame. 


Observations Inferences 


d) Golden yellow but invisible through 
blue glass. à 


(ii) Light violet. but. intense. violet red K 
(or, crimson) through blue glass. 

(iii). Brick red (or dull red) and transient; Ca 

but light green when seen through blue glass 

(iv) Persistent apple green, but bluish- Ba 

green through blue glass. ` 

(у) Persistent crimson, but purple through Sr 

blue glass. T. 

(vi) Bluish-green. Cu, PO," 
(vii) Bluish-white flashes. Bi, Pb 4 
(viii). Green. Boric acid 
(ix) Green flashes. 


As, Sb, Zn 


N.B. 1. Observe the flame coloration first with the naked 
eye and then through the thickness of two cobalt blue glasses. 
Because in the-case of some mixtures, the different constituent 
may give different flame colorations: and one-colour may mask 


ЩЕ ШТ 


*In some cases, e.g., CaSO,, SrSO,, BaSO, the flame coloration is 
obtained with difficulty. It is best on such occasion to heat a little of the 
compound on a platinum wire in the upper reducing flame and then 
moistening it with concentrated HCI and heating again in the non-luminous 
flame. The desired result is often obtained after continuing the experiment 
for a few minutes. But phosphates of alkaline earths very rarely impart-any 
colour to the flame. 
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that owing to;another, e.g., sodium obscures the flame coloration 
of potassium. 

A vastly improved method for observing the potassium 
flame is to view it through a cubic glass vessel containing a 
strong solution of chrome alüm: Complete disappearance of 
sodium flame occurs but the flame due-to potassium becomes 
prominent. 1 i 

2. Use is made’ only of the tip of the pt.-wire às Оро 
of Pb, Bi, As, Sb, etc., if heated on platinum wire may be 
converted into respective metals, which, if formed, make. the 
pt:-wire brittle by forming alloys with it. Hence, if the above- 
mentioned compounds, be suspected by earlier expt. (cf. charcoal 
reduction test), carry out the flame test on asbestos thread. Spi 

3. Chloride of, metals being more volatile than other 
compounds impart characteristic colours to flame more 
readily and that is why НСІ is used in flame test. А 

5, Microcosmic bead test 

Make a bead on the loop of a cleansed platinum wire by 
heating microcosmic salt [sodium ammonium phosphate 
Na(NH,)HPO,,4H,0]. Carry out the experiment exactly as in 
the borax bead test, and note the changes that may occur. ` 


Observations Inferences 


Oxidising flame Reducing flame | 


(i) Blue when both | Blue when both hot Со 
hot and cold. and cold. | р 

Gi) Green ‘w h i 1 e Reddish-brown and Cu 
hot, Буе on cool- | opaque. 1 ! 
ing. 

(iii) Green w.hen| Green when both Gr 
both ‘hot and cold. . hot and соја. 5 

Mn 


Colourless Р 


(з) Amethyst 
violet.. 

(у) Solid particles are found. swimming 
about in the bead while hot, but a cob-web- 
like structure.on cooling. s 

NB: The absence of ' swimming about’ of solid particles 
or ‘cob-web-like’ structure in the bead is no definite indication 


Silica ‚ Silicates. 
SnO;. E 
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of the absence of'a' silicate, since some silicates? dissolve comi 
pletely ; in the bead and consequently no ‘swimming: about’ of 
solid particles is observed. ` 


Reactions. in microcosmic bead test: 
The microcosmic. salt, Na(NH,)HPO,, 4Н.О on being heated 
is ultimately converted into sodium meta-phosphate NaPO,. 
Na(NH4)HPO,,4H;,0 = Na(NH,)HPO,+4H,0; 
Na(NH,)HPO,; = NaPO,+NH;+H,0. 


Sodium meta-phosphate dissolves many metallic oxides 
yielding ortho-phosphate, which have often ‘characteristic 
colours. Thus the salts of manganese and cobalt yield a violet 
and blue bead respectively. : 

з CoO--NaPO,—NaCoPO, (blue colour). | 


Like desees bead. test this test is performed in both the 
flames (О.Е. and R.F.). Some ortho-phosphates remain 
unaffected and. some undergo reduction. Thus with copper 
compounds the ortho-phosphate formed in О. Е. is reduced to 
metallic copper in R.F. 

CuNaPO,+C=Cu (red colour)-- NaPO; 1-CO. 


Sodium. meta-phosphate. exhibits practically no. tendency- 
to react with acidic oxide particularly silica. Some silicates, if 
heated on microcosmic bead—SiO, is liberated. SiO, being 
insoluble in the phosphate bead swims about in the molten 
bead. 

CaSiO,+NaPO, = NaCaPO,+Si0,, 
And there are many silicates, as has already been.said, that ^ 
dissolve completely in the bead. 


6. Some Special Tests · 
(i) Fusion test for Mn and Сг: .: 
Experiment: AY 
Take a little ‘solid caustic soda On a mica foil or b 

? porcelain and heat to melt it. Now sprinkle Pe roken 

substance under investigation (suspected to contain M of the 

Cr) and а little KNO; or КСЮ, on molten NaOH. Phil 

inue 


heating till the mass fuses completel 
colour of the ‘residue. Y. Cool and observe the 
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Observations . Inferences 


(a) Green mass” 


'Mn-compounds: И 
(b) Yellow mass T 


Cr-compounds 


(а) Dissolve the green mass in‘ water “dnd ‘filter: »Acidify 
the filtrate-with dil. HNOs: Development of pink, colour shows 
the présence .of Mni 

(b) Dissolve the yellow mass їп water and filter. ' Acidify, 
the filtrate with: dil. 'acetic' acid; boil; ой. CO, if any, and add 
lead acetate soln. A yellow. ppt--shows the presence of. Cr. 


о ) 
é X3 


(ii) Test for Ammonia: , м 


Experiment, .:! Oi А 

Таке а little of the sample and sódalittie on a piece of 
paper; press it in-between folds of paper and rub. Open the 
paper and take the smell. à 


Inference 


Observation 


; Ammonium- compounds 


Smell of ammonia . 


N.B. 1. If Mn- and Cr- compounds occur together, the 
emerald-green colour observed in the borax bead test indicates 
the presence of chromium; but may mask the amethyst violet 
colour due to Mn. In the fusion test the reverse is true; 
the green mass of manganate indicates the presence of Mn, but 
may mask the yellow colour of chromate. 

On such occasion to detect chromium, dissolve the 

' residue (from fusion test) in water, add a few drops of alcohol, 
warm and filter. Acidify the filtrate with acetic acid. Boil off 
any carbon dioxide and add silver nitrate. A red precipitate 
ога red coloration indicates the presence of chromium. 

2. Ammonia may also be detected by heating the substance 
under investigation with caustic soda and holding over it a 
glass rod moistened with HCl, when a dense white fume of 
NH,CI results. But heating with caustic soda, results in rapid 
evolution of ammoriia which may escape unnoticed, specially 
when ammonium compound is present in smal) quantity. 
Hence. to detect NH radical it is better to perform the test in 


Pees це. - 17444 
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the manner stated in Expt. 6 (ii) and testing the gas evolved not 
only by smell alone but also with mercurous nitrate paper, 
which turns:black or with a glass rod „moistened with HCI as | 
stated boxer 


1 Reactions in special tests: 


+) Chromium" and manganese compo mida on reaction with 
alkali carbonate and oxygen (or, NaOH+ oxygen): of : which - 
the- latter is derived from KNO, (ог KClO;) ate ultimately 
Cotiverted. into sodium: chromate: (yellow in colour) and: sodium 
manganate (green in:colour) respectively. 
2Cr,O,-I-4Na,CO, 1-30, = 4Na,CrO,+4CO, . 
MnO-+Na,CO,+O, = Na,MnO,+ CO, 
2Cr,0,4-8NaOH 4-30, = 4Na,CrO,-4H,O 
о 2MnO,+-4NaOH-+0, = 2Na,MnO,+2H,0. 


à ‹ О 

(ii) Sodalime 15 obtained by slaking quicklime with caustic 
soda solutions. When ammonium salt. is heated with sodalime 
the following reaction occurs : › 
Spa (NH,).SO,+-2NaOH=Na,SO,+2NH,+2H,0. 

For’ special’test of tin dioxide, students are to consult: the 
treatment of insoluble substances, given later. 


СНАРТЕК Ш 
PRELIMINARY TESTS FOR ACIDIC RADICALS 


The following tests together with some special tests should 
be carried out at this stage in the order given below so as to get 
an idea regarding the nature of the sample to be analysed. This 
will help a student to devise a procedure to be followed for the 
wet analysis of the substance. 

1. Treatment of the substance with dil. H,SO,-or dil. НСІ. 

2. Treatment of the substance with-conc. НСІ: 

3. Treatment of the substance with conc. H;SO,. 

4. Treatment of the substance with conc. H,SO, and MnO,, 

5. Treatment of the.substance with conc. H.SO, and Cu-turnings 

6. Some special tests. 


Preliminary tests for acidic radicals 


Experiment 1: 
. Take а little of the substance in a test tube, Add dil. 
H,SO, (or dil. НС) to it. . Observe the effect, first when cold 
and then on warming. : 


Observations Tnferences 
1 


(i) Evolution of colourless and odourless gas 
takes place—- - 


Effervescence in the cold. The evolved gas Carbonate, _ 
turns lime water milky. Bicarbonate. 

(ii) Evolution of colourless gas with distinct у 
odour— 

(a) Evolution of colourless gas having the | Sulphite 
"smell of burning sulphur; turns filter paper 
moistened with acidified potassium dichro- 
mate green or blue-green. 

(b) Evolution of colourless gas, smell of | Sulphide 
rotten eggs; blackens a strip of filter paper 
moistened with lead acetate solution. 

(c) Same as ‘іп (а) together with the | Thiosulphate 


deposition of white or light yellow sulphur, 
which makes the solution turbid. 
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. Observations Inferences 


(iii) Evolution’ оў coloured - gas ' with 
‘characteristic odour— 

(а) Evolution of reddish-brown fumes; 
slight irritating smell, turns starch-potassium 
iodide. paper bluish-black. 

(b) Evolution of yellowish-green gas; 
smell of bleaching powder, bleaches litmus pa- 
per and blues starch-potassium iodide paper. 


Nitrite 


Hypo-chlorite _ 


N.B. 1. With carbonates of Pb and alkaline earth metals better results 
are obtained, if dil. HSO, be substituted by dil. на. м 

2. Sulphur dioxide also produces turbidity, when passed through lime 
water. Hence mere production of turbidity is no definite proof of the presence 
of carbonate, which should be reported only if sulphite and thiosulphate are 
found absent. 

3. АП sulphides are not decomposed by dil. acid. 

4. Evolution of brown fumes of nitrogen dioxide results on the addition 
of acid even in the cold (i.e., without warming) to a solid nitrite. 1 ~ 


Experiment 2: 
Take a little of the substance. in a test tube and warm И with 
conc. НСІ. bis . 


Observations Inferences 


All the anions discussed above yield much, the same 
results as with dil. HCI (cf. Expt. 1), in addition to 
which the following may be observed. 

(0) Evolution of greenish-yellow gas; 
irritating smell; blues starch-potassium iodide 
paper. | 


Presence of oxi- 
dising agents. - 


(ii) Evolution of violet vapours. Iodide in pre- 

! sence of oxidi- 
sing agent. 
Bromide in pre- · 
sence of oxidi- 
sing.agent. 


(iii) Evolution of brown vapours. 
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Experiment 3: 


25 


Take a little of the substance in a dry test ur and warm it 


with. conc. H,SO,. 
Observations 


In addition.to observations made under Expt. 1 the 
following changes may be observed: 

(i) Evolution of colourless gas, corrodes 
glass; a drop of water on a elass rod. when 
held in the fumes becomes. turbid. due to 
deposition of silicic acid; the mixture in the 
tube has an oily appearance. 

(i) Evolution of colourless gas; pungent 
smell; dense white fumes of NH,CI produced, 
when a glass rod moistened with NH,OH 
solution is held at the mouth of the test tube. 

(iii) Evolution of reddish-brown gas, 
condensing to red drops on cooler parts of the 


test tube; turns CS, brown and moist starch - 


рарег огапре-гей. 


(iv) Evolution of violet. vapours, con- 


densing to black solid; turns CS; violet and 


blues starch paper. 
(у) Evclution ог reddish-brown fumes, 


condenses to brown drops of liquid. On pass- 


ing into NaOH solution, a yellow solution is 


obtained, which, after acidification with acetic 
acid, gives a yellow preripitate with lead 


acetate solution. — 

(vi) Evolution of brown vapours not 
condensing to liquid; colour deepens.on addi- 
tion of copper turnings. 

(vii) Evolution of yellowish-green раз, 
irritating smell; blues starch-iodide paper and 


bleaches litmus paper 


NB. 


DIESES 


(HF from), 
Fluoride 


(НСІ: from) 
Chloride 


(HBr & Br, from) 
Bromide 


(Hl and I, from) 
„Iodide 


(CrO,Cl, from) 

a mixture of 

Chloride _ and 
Chromate 


TOL 


(NO, from) 
Nitrate, Nitrite 


(Chlorine from) 
a mixture of 
chloride _ and 
oxidising 
agent. 


1. Observation (ii), i.e. dense white fumes with NH,OH "described 


above under Expt. 3 is not specific for НСІ, it is also a test for HNO». 
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2. There are some carbonates which are decomposed by dil. H,SO,; 
“some may require conc. Н;5О, and some may require heat to boiling even 

with conc. H,SO,. Better Tesults are ensured by constant stirring of the 
mass while warming it with acid. -Вш if heated strongly, сопс. H,SO, 
decomposes evolving SO, and SO,. In such. a Case mere turning of baryta 
water milky should not be Tegarded-as a confirmatory test for carbonate. 

3. The presence of reducing agent may lead to the evolution of SO, 
gas, when H,SO, is used. [This SO, is formed by the reduction of H;SO, 
by reducing agent like SnCl,, Hg.Cl;., еіс]. ] 

4. There are some sulphides, ¢.g., sulphide of Hg, As, etc. which are 
not decomposed by acids, Hence, some spécial tests should ђе carried out 
for them. i I 

5. In carrying out the - test for fluoride the test tube should be 
scrupulously dry. ' 


Experiment 4: 


Warm in: a test tube a little of the substance with cónc. 
H,SO, and MnO,. 


Observations Infcrences 


———— уза: 


(i) Evolution of greenish-yellow ваз, | Chlorine ' from 
pungent and irritating smell of chlorine. Chlorides. 

(i) Evolution -of reddish-brown gas | Bromine from 
having very irritating smell; condenses to red Bromides. 


drops at the upper cooler parts of the test tube. 
(iii) Evolution of violet . vapours with 

characteristic pungent and irritating smell, 

condenses to black crystals up the test ие. 


Iodine ffo m 
Тод вез, 17 


Experiment 5: ` 


Warm in a test tube a little of the substance With conc Н,50 
and copper turnings. ` 1 


' . Observations 


Inferences 


Evolution of brown fumes 
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Some special test for detection of acid radicals 

Some special tests should be carried out at this stage, since 
the expetiments described so far for-the detection of acid radicals 
fail to give any clue as to the presence of some acid radicals. 

Experiment I. (i): і ` 

Heat gently in a test tube a little of the substance with 1:1 
HCl and a few granules of zinc*; hold a moist lead acetate paper 
at the mouth of the test tube. У 


Observation Inference 


Sulphide* 

‚М.В. -Since chromate, nitrite, etc. destroy the ‘evolved 
H,S, the above test of sulphide’ fails in the presence of these 
acid radicals. In such a case, it is advisable to boil the substance 
with Na,CO, solution and test for Н,5 by treating the residue 
with zinc and hydrochloric acid. 

Experiment I. (ii): 1 

Fuse a little solid NaOH on a mica foil or in.a broken 
porcelain crucible. Sprinkle a little of the substance on-the 
molten mass and heat} again, cool, extract with water. cool. 
filter and divide the filtrate into two parts: 1 

(a) To one part of the filtrate add a few drops of a dilute 
solution of freshly prepared sodium nitroprusside. 

(b) Acidify the other part with dil. HNO}; boil off CO;, 
add AgNO, solution. 


Observations 


Lead acetate paper turns black. 


Inferences 


(а) A deep violet or pink colour appears. | Sulphide 
(b) А white or yellow precipitate. inso- | Halide 
luble in HNO,. 


"Те As or Sb be suspected it is better to perform the experiment in fume 
cupboard; as highly poisonous arsine or stibine тау be formed in this re- 
action, Moreover, blank expt. should always be performed with this zinc, as 
commercial zinc is sometimes found to be contaminated with sulphide. 

+Some sulphides аге not decomposed by diluted and even by the conc. acids 
(НСІ or H,SO,). Hence the necessity of performing this test for sulphides. 
Note again that besides 5", other sulphur containing substances, such аз 504", 
5,07, etc. also liberate HS under this condition. Hence in their (SO;*, 
. 5,0,“ etc.) presence this test cannot be a confirmatory one for sulphides. 
tIf As or Ag be suspected heat gently for a short time. 
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Experiment II. (а) : sites ins dr 5 № : 

‘Extract a little of the substance with dil. HNO, and filter. 
Add a few drops of the solution thus prepared to an excess of 
ammonium molybdate solution taken. іп a test tube.and then 
add 2-3 сю. of conc. HNO,. Let it stand, warm and finally 
heat, if necessary. ` 


D 


Observation 
Phosph ate; 
and T 
arsenate. | 


A canary yellow precipitate. 


NB. (i) The: formula (КН) РМо Оа] is assigned to 

yellow. crystalline precipitate of ammonium phosphomolybdate. 
Na,HPO,+ 12(NH;);Mo0,--23HNO; al 

} —(NH4)PMo;;04] --21 NH,NO;-2NaNO;---12H;0; ју 


Similar reaction is given by arsenates on boilihg. Note that if the 


extraction be done with conc. HNO», arsenite also will respond. to this 


test. Silicates give only a yellow solution on ‘boiling. Besides, white 
molybdic’ acid may separate out on boiling. ‘Hence’ while testing for 
phosphate the solution should not be heated toa temperature exceeding 
40°С. 


(ii) In absence of HNO» ammonium molybdate is reduced to blue or 

violet compound by reducing agents. Ла on? povik ми 

(iii) The yellow precipitate is soluble їп alkalis, ammonia, alkali phos- 
phates and excess of phosphoric acid. Hence.excess of reagents, ie., 
ammonium molybdate and conc. НКО; аге to be used. 3 

Experiment И (b) : у Е УЧ 

Add to the 1 c.c. of dil. mitric acid extract of the sample taken ín a test 
tube 2 c.c. of 15-20% tartaric acid solution followed by 2 c.c. of ammo- 
nium molybdate solution. Warm gently and allow to stand for a few 


minutes. , ; 


‘Observation Inference 


Formation.of a yellow precipitate. 


N.B. AsO; and SiO; do no interfere in this test. 


Experiment Ш. (a ) 9 


Take. little of the substance ша test tube and add about 1 c.c. methyl 
alcohol. Gently heat the test tube and ignite the issuing gas. 


€ 


Observation Inference 


"The gas burns with a green-edged flame. _ Free boric acid 
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` Experiment III. (b) : 

If no green-edged flame is observed in Expt. III. (a) take a little of the 
substance in a test tube and make a pes te of it with conc. H2SO«. Add 
about 1 cic. methyl alcohol. Gently 
‘issuing gas. 


eat the test tube and ignite the ' 


Observation ‘Inference ^ 


The gas burns with a green-edged flame. $ Borate . 

N.B. The above test for borate is known as ‘alcohol flame 
test? and since in this experiment free boric acid, if present, also 
produces the same-green-edged flame, the mere production of 
green-edged flame here is по; proof of the presence of borate, 
which, however, should only be reported if free boric acid is 
found absent by earlier experiment, i.e., Expt. Ш (а). Copper 
and'barium salts however do: not interfere with this test under 
thé experimental condition, as they ate converted into non-volatile 


sulphates. 
Boric acid reacts with methyl alcohol giving methyl borate, 


which burns with a green-edged flame. 
H,BO,+3CH,OH= B(OCH,),+3H,O 
Ethyl alcohol can also be used instead of methyl alcohol. 
But the ethyl borate that is formed in the reaction beihg less 
volatile. than methyl borate, the use of methyl alcohol is 
always preferred. 


Borates, which are insoluble in water, can, however, be 
detected even in presence of free boric acid in the following 
way: 4 

Boil a little of the substance with water and filter. Repeat ` 
this process with the residue (if necessary), till it is free from 
ftee-boric acid [ made known by performing the Expt. IH. (2)] 
and then carry out the Expt. HI. (b) with this residue, "when 
a green-edged flame indicates the presence of borate. [See also 
the separation of acid mixture given later.] 

Experiment IV: 

Warm ih a clean and perfectly dry test Tum a mixture of 
the substance with a little silica and conc. H,SO, over a small 


"flame. Hold a glass rod containing a drop of water at its: tip 


at the mouth of the test tube. 
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Inference 


Observation 


The drop of water turns turbid... 
Moreover, oily drops are seen on the walls 
inside the test tube. 


Fluoride 


N.B. The turbidity of water drop is due to the deposition 
of silicic acid, which is formed by hydrolytic decomposition of 
silicon-tetra-fluoride. The. reaction 'can. be illustrated. with 
calcium fluoride. Thus; jtd 

CaF,+H,SO, = CaSO,+2HF 
SiO, (Silica)--4HF = SiF,+2H,O 
3SiF,+4H,O = H,SiO,+2H,SiF,. 


Note that this expt. may be carried out without addition of 
SiO,, since the necessary SiO, comes from glass of the test tube. 


Experiment V. 

Take in a lead basin (crucible) a mixture of the substance 
and calcium fluoride (in the ratio of 2:1 by weight). Add 
conc. H,SO, to the mixture to make a thin paste. Cover the 
crucible with a lid having a small opening. Hold a drop of 
water on a platinum loop over the opening in the lid and 
subsequently heat the crucible on an asbestos board over a 


small flame. 


Observation 


N.B. Immediately after the. addition of H,SO, to. the 
mixture, the platinum loop carrying the water drop should be 
held over the opening in #ће lid of the crucible; because, the 
mere addition of H,SO, may sometime cause the evolution of 
volatile SiF,: Hence in such cases the water drop may not turn 
turbid if it is held over the opening after heating the mixture. 
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Experiment VI. (а): 
Take a little of the solution,* add. dil. H,SO, till acid, cool 
it under a tap; add_a little ether (abort 0*5 c.c.) and a drop of 
3% hydrogen peroxide „апа. shake. 


Observation 


Inference 


The etherial solution is coloured blue, which 
gradually turns green. 


Chromate 


N.B. The blue colour is due to the formation of perchromic 
acid. The blue solution is very unstable and decomposes 
yielding oxygen and a green solution of a chromic salt. The 
reaction can be stated in the following way (suppose масо; 
has been given): 


| омасто, + HSO, = Na,CnO, + Na,S0,+H,O 
Na,Cr,0, + HSO, = H,Cr,0, + NaSO, 
H,Cr,0, + 70, = 2H,CrO, + 5H,0 


: 2H,CrO, + 3H,S0, Cr(SO), + 50,4-6H;0. 


Experiment VI. (b): 
Acidify a portion of the solution* with dil. acetic acid and 
add lead acetate solution. : | 


Observation 


А yellow precipitate, soluble in dil. HNO, 
and also in caustic soda solution; acetic acid 
reprecipitates the chromate from the latter e 
solution. Е 


Chromate 


` *Mix a portion of the substance with абош 4 parts of Na,CO, and a little 
water in a beaker; boil for 15 minutes and filter. Take a little of the fitrate 
and perform the tests for chromate. Reserve the bulk of the filtrate for wet 
analysis described later оп. It should be noted that chromates are usually 
yellow-coloured substances, yielding yellow-coloured solutions when soluble 
in water. In presence dil. mineral acids, chromates change into dichromates, 
Which give orange-red solution. [If the substances be soluble in water and 
free from heavy metals, perform the test-with aqueous solution.) 


32 А TEXT BOOK OF ANALYTICAL CHEMISTRY 


Experiment УП 


Mix а little of the substance with about 3 to 4 parts of 
anhydrous Na,CO, Таке à portion of this mixture in a cavity 
cut on a piece of charcoal and heat itin the гедисте flame by 
means-of a mouth blow pipe. 


(а) Treat a portion of the fused mass (residue) with 
dil. на. i 

(b) Extract another part of the residue with water; filter 
and add a few drops of the filtrate to a freshly-prepared 
sodium nitroprusside solution. 


Observations Inferences 


(a) Evolution of H;S gas, characterised by | Sulphur acids 
rotten egg's smell and blackening of lead ace- оў 
tate paper. 1 

(b) An unstable violet colouration. Sulphur acids 

а 


М.В. Salts of all sulphur acids, i.e., sulphide, sulphite, thio- 
sulphate and sulphate respond to this test. Salts of these sulphur 
acids on reaction with sodium carbonate and charcoal in the 
reducing flame are first converted into sódium sulphide, which 
(i) when. reacts with hydrochloric acid gives hydrogen sulphide 
recognised by its characteristic rotten egg odour and by some 
such other property as 'stated already in observations under 
Expt. УП above, but (ii) when reacts with sodium nitro- 
prusside solution ‘an unstable violet coloration due to forma- 
tion of Na,[Fe(CN);NOS] is developed. Suppose the sample 
ig BaSO,, the reactions that occur are as follows: 


7 аво, Na,CO, 2C (from charcoal) 
- _ = васо + Na,S+2C0, 


Na,S4-2HCl = 2NaCI4- HS 
Na,S--Nay[Fe(CN),NO] = Nai[Fe(CN),NOS} 


, PRELIMINARY TESTS FOR .ACIDIC RADICALS 33 


Note that the latter reaction occurs in presence of alkali - 
solution and neither the hydrogen sulphide solution nor the 
free gas will give this' reaction. 

Moreover, the reagent, i.e., sodium nitroprusside solution 
must be freshly prepared by dissolving the sglid of about the 
size of a muss seed in little distilled water. 
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Notes. on Table 1 г. 


1. Sometimes the filtrate turns turbid’ оп cooling, which 
does not settle in a shorttime, but dissolves ‘on: addition of. à 
little НОЈ, This turbidity is due to the formation of oxy-salts 
of Sn, Sb afd Bi. These oxy-salts are formed by hydrolysis. of 
the compounds. of these metals. Sometimes white needle- 
shaped. or; golden spangles or both may appear in the filtrate 
when! Cooled.- This indicates the presence of, PbCI, - (white 
needle shape): or -PbBr, (golden: spangles) ог Ры, (golden 
spangles) or a mixture of these compounds in- the original 
substance. 3 - zi 
2. Colloidal sulphur may Separate out here on treatment 

with HCl. This may be due to: (i) presence. of ;thiosulphate, 
(ii) presence of sulphide along with sulphite, or, (iij) a sulphide 4 
together with an oxidising agent. Besides, due to reaction 
between acid soluble sulphide and а compound of Gr. П ‘metal 
(if présent together) a coloured ppt. may come down here. | 
3.| Sometimes prolonged boiling and subsequent dilution 
with lwater followed by „boiling again of the dilute solution 
may help. Thus, for example, when MnO»; Бе, Ол étc. are boiled 
with conc. НСІ for à long time a dark-coloured solution results, | 
which, on dilution and subsequent boiling, gives-clear solution. 
Again potassium arsenate ог potassium antimonate' on treatment 
with ћудгосћогс acid does not readily. go” in solution but 
'on dilution followed: by boiling a clear solution is obtained. . 
In Some cases, while trying to dissolve the substance in conc. 
` HCI by boiling, chlorine gas may ba evolved. As for example, 
substance. containing MnO, when boiled with conc. HCI,— 
chlorine is evolved. In any case, shouid chlorine be evolved, 
boiling should be continued fill the chlorine evolution ceases, 


.+ 4, If.a precipitate appears here, jt may contain PDbCI,. 
Thé formation of the precipitate is helped by difution. ^ ~ | 


5. If the preliminary tests indicate the presence of Hg,Cl,, 
Hg.Br, (white); НЕТ, (green); HgS (scarlet or black); Cu,S 
(black); As,S; (brick red); As.S; (yellow); NiS, CoS: (black); 
SnS, (golden yellow); Sb,O,, 5,0; (white); the aqua а 
treatment should be adopted to get them in solution; otherwise 
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this step should be irte and ‘the residue obtained after the 
treatment with HCl should ‘be regarded insoluble. . 

In order to avoid troubles and complications, it is advisable 
to analyse each solution: (extract) separately. The water ‘extract 
eyen in absence-of silver group (or from which silver group has 
been removed by adding HCI)-should. not be mixed with НСІ 
extract, as it may Cause precipitation by double decomposition 
occurring between the substances present in the extracts. © Take. 
for an example, when Na,SO, solution in water is mixed with 
solution of :BaCO, in HCl, а precipitation of BaSO, occurs. 
Besides, each solution may “contain only one Substance, ‘which 
may prove helpful while suggesting a probable compósition of 
the sample analysed. = 

6. There are some dens which resist all the: methods 
so far described for bringing them in solution: in order to detect 
them in the wet way. These: substances are called insoluble. ' 
The insoluble substances may be attacked” either by the 
‘General method'- or by. the *Special methods', Whichever be 
advantageous? ~~ : 

gr um General Scheme Tor the Separation of Metals: 

| into Groups | · я 
| Before entering into the actual procedure the student must 
note: the following relevant points: - | 

«1, Analysis should be carried. out with a small quantity 
() 5—1 рш.) of the substance, because: with a large quantity 
of the:substance, the ppt. will be so bulky that difficulties will 
be encountered in filtering, washing and finally dissolving them. 

2. AIF precipitates, unless otherwise stated, must bé washed 
to remove adhering solution and ‘the first washing must be 
added to the Solution from which “the precipitate has been 
filtered. . ез Ј 

| 3. If "Ihe volume of thé solution lat any stage of anlysis 
becomes too large it must be reduced to а small volume by 
evaporation. 

| 4. The conditions or precipitation should be, ains 
followed. 

5. The group reagent must de added in the proper order. 
A group reagent separates a particular group from groups (or 
group) that follow but not from the group (or groups) that 


„зир pue ojnumu е 10} од ‘801109 uo џала-51575390 
·шошше јо [әш 14315 в ПН әтл\йолр HO'HN ppe мом ‘Зшпод о; 
Jes] pue џопијов əy} jo "ш 08-62 33d JO'HN JO „ша КЕ moqe 
PPY ‘omü eB 10} шебе ,[roq pue “ONH  '2002 JO sdop 01 
PPV "(ous 61:49 pesruBoos:) 4151314105 S'H Шо пон ien 


$55 Ноа) *sus 
Е: (1289: JO  имоја) 


nop 


5201} JII 0} ошпјол ода әїпїр мом 'S!H.sstd. pue Suro 


IDH № ‘ә p puy 
3517 (oq Aew oseo oy) 58 ajdtues эц} Jo uoinjos]OH 10) ү 


481044} ЅН бора, ‘зтеодае әвәл Aue Jy 1 Q8rOIQy StH ssed ш 
әшпүол [enba фул anp ‘NENG oui JO Эви e ЭМЕ: "ey. 'sresdde 


S'H Ur ssed pue 811104 0) 1229 


"пр Surpp? uo o3 sreoddv oyentdisard Aue JI. ЛОН Tp Jo sdosp A9] e ppe Зем рәр. 
dey порелейәс̧ позе) үә) С _ 


© ЯЛ9УҮІ 


"541048 упәләртр our syejout or ojeredos 01 19p10 ur [qv], поцегейәс dno: 
-nos 943 eururexe “дәгә пәл18 поцәәлр ay} 03 Зшр1 


NOLLYNVd3S апоно TVNAN3S ^ 


lle) SnD" ‘59а ‘SIH 
р 2:1 потоо 


: тәу pue [002 ‘роз e уму 
3113115 орта.вој пи Шлој v 10} WIEM 
"piudins tuniuoumug моје ppe рие 
Јаеод |[Е005 € O)39JSUEIT, "J9]PA 100 
J^ seu [6192$ NPIS ayy YSEM 
2(380е:0) = 545 12695 


‘Sig: 


SOUL 7910/99 58 uieSe STH ssed pug (uoninjos.oqi Jo 2-2 194 ajem 29 1) 
Ч OF IaH иопп[оз ayy jo `5`2 QZ 3sd-(pió€ цоиәд) 
'uonejdiooid Aue 22]8ou 'esiMdo1p етошше Surppe Ад (snin ЧИМ 152)) ШЕЕ 
dno) uo; sen] əy} exe Alaye y 

~ "810990 uoneildi2oJd 310W ou |] 559000 Əy} 329451 1941380} ‘344 ot 1e 129]02 'ә} д 

‘801109 io} Зипедц juonbosqns pue 1э}ем: Jo awnjoa тепбэ Чим и Sunnjrp оце 212113 eu) jo ojou« әш 
е pue Sul[loq 0; јен заем Jo 

ој роја Aue 3] "*,uoneinies ип 

101ріов A[U8IQ 9q 31 ЈР'лојем JO 9umjo4 jenbo WIM uonnjos 991 anpa ә щы 


Jail рое [000 “оң "ajo]duioo;st иопеийтдәза 943 m он. 


‘quasar 
sanpisey 


"| 91020 Јо әд) 
эЧ). 0) Surpioooe 
9$uuuexqg 
Мон "оча 
ОЗУ әд. Хвуү 
3495939 ү поло. 
“UA :апрвом 


-ur souvisqns 943 JO uorinjos: pjoo oui ој, 
€ ~ = А 


D prung о оў Sürpzoooe uon 


022€ (porrddns ojdures эці Jo) uonnjos 311 Sunedoid 19 y. 


* *A Фподо jo әде; 
әң oj 3uiploooe әшшехд 
‘juasaid д "поло  *onpisoi 
Aue Л "uonsine[o^ 9 
syes шпшоциие : |е олошој 


0] әни :1oqumuo ‘эшпу “AL ID 
в UL ssoudIp о] uoniod | ЈО әде; sy} 
Јојеш5 sy}  oijeJodeAg f0} 8ирлозов 

"ЗИ Jo 329095914 эшшехя 
991 зэзрогриг Ad эинтеззАз» | ‘(anya ие) 


ацл У срце o) моје 
чәц pue 4255 “әм яш 
334$  "uonnjos 'OdH'tN dno15 
ppe 3ed 1981] оф ор "Iuasaud 30291991 
` у sjed Al лоо эч) 0] 
Jgnboun ‘omy оўш ojenpu "ewgA | Supone 
гапр он әшшехд 


su IPLAC : ла 


HAIA: 
"Sour CT-OT 10) 153] 1€ при! оз moje 
pue poq цор ‘eM “Орн 
Jo — (99 61 moqe) , uonnjos рә) 
-winjes poiedoid . 414593 e ЈО sseoxo: 


че uogi pu? ешошше jo sows у 
I uonn[os рглојђ эш 6} HO'HN 
PPV “mo soij?Jj?dos yey} pros #125244 
Aue Џо лоша ‘ying зи Jo ut тоде | giz dnow: 
0) aleiodeaq — 'S'H YOllog aw | > :eupisay 


"ходи '$1n200 попепатоәла озојфшоо Тр SH ssed 
pue шлем *HO'HN| JO aow опире „рру. IENA 


УШ 


dnoip 30.| "ЯП dno15 
age} M), Jo e[qei . 
о} 3urp1029* 7 з 0} | adod 
Bulpioose | oui 1292 
> ашшехд *juosqe УП 
чнојочи | = 'игз2ла | gjy поло | дполо jo 
$әшпәшоз | as ‘ug ‘sy |“мојод 1481 | 2182) 24) о} 
pue (02213) "2 ап 3o әјіум | - 8штрзозое 
{HON dno19 | А шо si эшшехд 
(әлім) | emidmoid | эземаюза *Juasaád 
(HONY регпојо | 941 JI | "УЛ 40040 
мола) -]. ‘PO pur 
ноја TOH TP] + по чи 
| | qua any әцу Апроу.| fqq "3H Jo 
VIII dno) | us pue qS "sy Ј0 3125-01923] Ч Saprydins 


ата тәпрзәч 


~ sanpissy | 1105 Kew 


46 A TEXT BOOK OF ANALYTICAL CHEMISTRY 


i precedes it. Thus when metals of different groups are present 
in the:same solution а. group reagent will not only precipitate 
metals of the particular group but also usually those of the | groups 
(or group) that piece it, if not separated earlier. 


A 


- Notes on Table 2 | 


1. If the original substance is сотрјејећ or partly soluble 
in water, examine the water extract Кот С: -oup 1. af, on the 
other hand, the original substance is insoluble in.*Water. but 
completely soluble т- HCl, -evidently по silver ог mercurous 
salt is present. Lead when present often goes in solution in НС! 
while hot, but PbCI, is precipitated on cooling the solution. Part 
of the lead passes into solution and is precipitated in- Group i 

- by H,S-as PbS. Sometimes а precipitate may appear ‘on 
the addition of hydrochloric acid to water extract even when 
Group I metals are absent. This precipitation may occur when: 


(a) Concentrated solution of certain chlorides, ¢.g:, NaCl, BaCl; may 


give a white ppt., on the addition of hydrochloric acid. due tọ common ion, 


effect. This ppt., however, disappears.on dilution with water., ч 

} (b) Aqueous solution containing Sb, Sn and Bi not containing free HCI 
may give rise to a ppt., on dilution with water. This precipitate 15 due to 
farmation of oxy-chloride, which, however, dissolves c on addition of excess of 
на. 

: (©) Aqueous solution of slicates may yields a white шоці ppt. of Silicic 
acid on the addition of HCl. The ppt. does not go in solution on addition of 
excess of the acid. a i | 

(4) Aqueous solution containing thio-salts of As, Sb апа! Sn n yields | the 
ppt. “of respective sulphides (all coloured), when the solution is acidified with 


dilute HCl. In such a case examine the precipitated sulphides according. 


to the table of Group II. 

(©) White colloidal sulphur separates out on the addition of dilute на 
to water solution of-a thiosulphate.. - - ба 

(f) Addition of HCI (particularly if it is кейга), to an NUS 
solution of borate may give rise to a' white ppt. of boric acid (only partial 
precipitation may occur here). 

2. If any ppt. appears on passing H,S through a little of 
this solution, pass H,S through the bulk of the solution. If 
there is no precipitate, don't pass H,S through the main 
bulk but boil the solution with a few drops of conc. HNO, 
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and proceed as usual from Group IIIA of the General Group 
Separation Table. The trouble of removing HS from the 
solution may thus Бе avoided, if the second ' group elements 
are absent. Inm order 10 have the best restilt ‘with HS, the 
acidity of the solution is to ‘be adjusted at 0:25—0:3 (М). ‘Ifthe 
hydrogen ion concentration ‘of the solution is much higher. than 
this value, CdS is not precipitated and sulphides Of lead and tin 
are incompletely precipitated. ‘Tf, on the ‘other hand, the hydro- 
gen ion concentration falls below this value, oxy-salts ‘of Bi, Sb 
' and Sn are precipitated. "Besides, Zn, Ni and Co are precipitated 
as 'sulphides by H,S in such low acid concentration. Moreover, 
if the acidity be not quite high, i. e., of the order of 3 to 4 N, 
sulphides like Аз5а аге not precipitated and tend to form а. 
stable sol. Eor all practical purposes, make the filtrate from 
Group I distinctly acidic, heat to boiling and pass HS: ‘Filter; 
dilute the filtrate with water and pass H,S. , Repeat the process 
till the precipitation is complete. Or, follow the. alternative 
method as detailed in Table 2. Тай 

If an oxidising agent (e. Е., nitrite, chromate, arsenate and 
ferric salts) is present, reduce it before passing H,S through the 
solution. Because H,S із first oxidised by oxidising agent ¢ and as a 
result gradual separation of fine white sulphur 1 takes Place. This 
delays the precipitation of sulphides of ‘metals. ‘Moreover, 
sulphur is mostly in the colloidal state and passes through pores , of 
the filter paper. Ferric salts, for example, i is reduced by H,S into 
ferrous salt and sulphur is precipitated. „с > 

2FeCh HS=2FeClet2HCI}S. | 
- (i) Sulphites, which if present, interferes with the precipita- 
tion of sulphide (by the passage of H,S) and are however 
decomposed by boiling the. solution with concentrated HCl, 

(ii) In the case of nitrates the solution should be boiled with | 
an excess:of conc) HCl and evaporated almost to dryness till no 
more fumes of nitrogen oxides are evolved. ^ 

(iii) Nitrites also are decomposed by’ boiling’ with excess of 
conc. HCI. Last traces of nitrous acid should be temoved by 
boiling with a little urea. t ‹ 

2HNO,+ CO(NHj 2N; + CO, 3H;0. 
(iv) Chromates, arsenates and férric salts are reduced by 
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boiling the solution with SO,-water (sulphurous acid). Note. 
that ferric.salts are reduced in only very weak acid medium by 
SO,. Add sulphurous. acid to the solution til the solution 
distinctly smells of it. Boil off the excess of sulphur dioxide. It 
тау so happen sometimes that a white ppt. appears on boiling 
with SO,-water. On such an occasion filter off the ppt. Examine 
the filtrate thus obtained from Group ‘II of the General Group 
Separation Table. Wash the residue with water; perform flame 
test with а little of it as this may give an indication of the 
metallic radical (ог. radicals) present. Treat the residue as 
insoluble (see. the Treatment of Insoluble Substances). The 
ppt. is due to the conversion of compounds of Pb, Ba, Sr and 
Ca (present singly orin mixture) i into their sulphates. 

ui: То facilitate analysis the metals of this group (i.e., Group 
II) are again "sub- divided into À and B sub-group depending 
upon the ‘solubility of sulphides of this group in yellow 
ammonium sulphide. Sulphides of arsenic, ,antimony and tin 
are soluble in yellow ammonium sulphide solution forming 
thio-salts. The solution thus obtained, if acidified with dil. 

НС, the higher sulphides are precipitated and the excess yellow 
ammonium ‘sulphide is ‘decomposed. These basic radicals 
form ` Group: ИВ: while the metals, whose sulphides are 
insoluble i in yellow ammonium sulphide, form Group НА. 

е Тһе reaction, for example, between As,S, and yellow 
ammonium sulphide, which is a poly-sulphide and also an 
oxidising agent is shown below: 

Аб, - 3(NH,),S--28-- =2(МН)з Аз. (ammonium thioarsenate). 

Similarly, with Sb and Sn, (NH,),SbS, ammonium thio- 
ап топа(е, (NH,)2SnS; - ammonium thiostannate . ate formed 
respectively. 

The reactions on acidification of diate Solution are: > 
OU 20МН О 3 А55, Р6НС! = As,S 
sonia! == НЕ ч 
(NH,),SnS;--2HCI = SnS,--2NH,CI-L H;S. 

It.isto be remembered that, HgS and. CuS are slightly soluble' 
in yellow ammonium sulphide and they are Precipitated from ` 
their solution.in yellow ammonium sulphide, on acidification: 
Of these two sulphides, copper sulphide appears brownish red 
and hence may be пизгаКеп (ог Sb,S, but mercury. sulphide 


EXAMINATION OF CATIONS IN SOLUTION 43. 


is black and no such difficulty arises in this, case. Besides, as 
has been already stated yellow ammonium sulphide is decom- 
posed on acidification and consequently much ДИРИ (white 
or light yellow) 15 deposited. 


. 4. ЊУ. should be boiled off from the filtrate of Group I; 
otherwise addition of ammonium ,hydroxide leads to the for- 
mation of ammonium sulphide, which causes the metals of IIIB 
to; be precipitated as sulphides. Hence addition of. ammonia 
in. such а сазе not only causes the precipitation of hydroxides 
of Fe, Al and Cr but also sulphides of Group IIIB metals, 

5. Ferrous іоп `іѕ incompletely Precipitated by, NH,OH. 
Hence ferrous ion, if originally present or formed by the action 
of sulphurous acid (when sulphurous acid is used for reduction) 
or by the action of HS (if H,S is passed through the main bulk 
of the solution to have the precipitation of Group II metals) 
should be oxidised to ferric ion Љу boiling with a few drops of 
concentrated HNO, Or bromine water. 

| 6.. Ammonium chloride separates the metals of Groun ША 
‘from those of succeeding groups, since only ammonium hydrox- 
ide, if added, not only hydroxides of Fe, Al and Cr.but also 
‘those of Zn, Mn, Ni, Co and Mg are ‚ precipitated. Addition of 
NH,CI affects the ionisation of NH,OH, it greatly reduces the 
hydroxyl ion conce ntration (common ion effect and buffer 
action) so much so that only the hydroxides of Fe, А! and Cr 
are precipitated. Presence of sufficient amount. of NH,Cl. 
therefore, prevents. a good many. metals from being precipitated 
here on addition of NH,OH, 

if the presence of borate, ‘fluoride, phosphate and Silicate be 
. detected, they must be removed before proceeding with the analysis 
from Group ША of the General Separation Table. The above 
named · four radicals are called ‘interfering’ acid radicals, as 
borate; fluoride, phosphate, silicate of the metals of Group ША, 
ШВ, IV and of Mg are precipitated: with the hydroxides, of 
metals of Group, ША гоп rendering the solution. alkaline. by 
addition of NH,OH in Group ША. This difficulty, however, · 
does ‘not arise so long as the solution remains acidic. Hence . 
the Necessity of their removal after the separation of metals of 
Group II [see the *Removal of Interfering Acids" J; 


44 A` TEXT BOOK OF ANALYTICAL CHEMISTRY 


7.? Note that the addition'of much excess of ammonia should 
be avoided. As excess ammonia may “dissolve Cr(OH), and 
АКОН),. The hydroxides are, however, precipitated by boiling 
off excess of ammonia. Ammonium hydroxide, should be 
added to the solution: while hot as this helps to. coagulate 
the ppt. ^ Manganese; if present; is often ‘precipitated as higher 
hydrated: oxides! in»Group’ ША Along with’ hydroxides of that 
group. This’ precipitate of manganese compound “is! ов! the 
same? icolour’ (brownish) '‘as’'that of: Fe(OH);: Hence“ Group 
IIIA, ppt. must be looked Гог тапрапезе' азо. Д. + 


Heg In passing to" Group ПІВ, the filtrate from Group ША 
should ‘not be tréated’ with much excess of HS, , as this 
causés NiS to pass into solution in the colloidal state. More- 
‘over, the whole filtrate from Group НГА should not be imme- 
‘diately treated with NH,OH and HS. "Test a ‘Tittle of the 
filtrate With ammonium hydroxide and HS. ‘If any precipitate, 
treat the whole of the filtrate with NHOH’ and H,S in. the 
manner Stated in the General Separation Table, otherwise omit 
thé step and examine the filtrate directly for Group Iv. : 

9. The filtrate from Group ПІВ should be acidified (slight 
acidic) With acetic acid immediately after filtration and concentrc- 
ted to about 1th of its ‘bulk. Acidification of the filtrate with acetic 

. acid” "followed by boiling has many-fold. advantages: (i) Any 
Nis that has passed into solution in the colloidal form (which 
is ‘indicated by brown or dark colour of the filtrate): and has 
thus escaped ‘precipitation i in ПІВ is coagulated. Iti is filtered ой. 

. This ppt. may be added to the ppt. of Пів and treated accord- 
ingly ог may here be tested' Separately for Ni. (ii) Tt causes 
removal of H,S from the sdlution and thus „Prevents the oxida- 

tion of ammonium sulphide. by air to ammonium sulphate. 

Ammonium sulphate, if formed, Causes precipitation of metals 
of Group ТУ as insoluble sulphate. Gli) Besides, acidification 

prevents the absorption of CO; from atmosphere. by ammonia 
and thus the formation of : ammonium carbonate i is ‘avoided. 

107 Thé medium must Be kept ammoniacal. “But it should be 
noted that. ammonium chloride, if present in excess in the solution, 
interferes ' "with те precipitation” of Group IV metals as 
carbonates. Hence it should be removed according to the 
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direction given in the General Separation Table. The laboratory 
reagent—ammonium carbonate though contains a fair amount 
of ammonium bicarbonate, the formation of soluble bicarbo- 
nates of alkaline earth metals. is prevented jn ammonical 
medium. Since ‘the, presence of excess, of ammonia, destroys 
bicarbonate by converting it into carbonate. Note ‘that after, | 
the addition of ammonium carbonate the solution ;should. be 
warmed but not boiled. Because the reaction -MCO,+2NH,Cl 
=MCI,+(NH,)sCOs (where; M 15 Са, Ba, Sr) is reversible, 
boiling volatilises (NH4),CO,; hence the reaction proceeds from 
the left to right and consequently precipitated carbonate goes in. 
solution. But warming is necessary as {№ filtering property of 
the precipitate is improved thereby. Moreover, bicarbonate, 
if formed at all, , undergoes decomposition on warming. 

11. The solution to which the Group IV reagents have»been 
added should be allowed to stand at least for а Ем minutes, 
since precipitation of Group IV metals takes time. 

12. The Group IV metals may be partially precipitated or 
may even escapé precipitation due tO several factors as dis-| 
cussed above. The filtrate from Group IV should, therefore, be 
treated with 2 с.с. each of (№Н,),50, and (МН.),С,О, 
solution, the resultant solution is heated to boiling and allowed. 

‚ to stand for at least five minutes. If any precipitate appears, ; 
filter it off. (This ensures complete removal of Group IV metais.) 
If this is not done the filtrate from Group IV on being treated 
with di-sodium phosphate may give. a ppt. and this, often 
misleads one, to suspect the presence of magnesium even when 
no morii is supplied. ! 


Classification of Metallic. Jons into Different Groups. . 


It is quite evident from the Table 2 described in pages 38-39 
that for. purpose. of systematic qualitative analysis the metallic 
ions have been:classified into different analytical groups with 
{һе help of certain reagents known as group reagents. This 
classification is based’ on the varying solubilities of chlorides, 
sulphides, hydroxides and carbonates. Thus, аз has already 
been stated in Table 2, that dil. HCI, if added in slight excess, 
to a US containing common metallic ions chlorides, of 
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Ag. Pb and mercürous mercury only are precipitated; these 
chlorides not being soluble in cold and dil, НС). These three 
metallic ions together form Gr. I or what is known as silver 
group. Similarly, by employing suitable reagents, the remain- 
ing metallic ions have been separated into several different 
groups: " The following table gives in short а summary of the 
scheme of this divisions as detailed in Table 2. 


Group Group | Précipitate : 
reagent obtained 
г рана | Ава, 2 


рі. на 


` Special 
"features ^ 


Metallic 
ions 


Agt, POH, Chlorides insoluble 


Hg, (Silver PbCI, in cold dilute НСІ. 
" group). "7 'HgyCl, x 

НЕ Pb**, не Sulphides _inso}uble 

ве Сињ. '| in ай: НЄ]. 

Cd**; му f i 

Аз+++, Sb***, 10514 


Sn****, бре 

Fetit, Ае, Hydroxides аге pre: 

сен 

ФР; іп ргезелсе ol 

МС Sethe ty 
ule 


: ЕЈ пије sits А 
Zn**, Mn**; 7 Sulphides soluble. in.. 


1 


: cipitated by NH,OH.., | 


ме“ Cot _| acid but ргестрј-, 
E SEIS "'tatéd in alkaline 
Ц conditions 
сан Bart Carbonates are pn i 
Srt. | pitated by(NH.) р 
j|im | ргезепсе off: | 
МН, СЕ 
Nat, Ке" => | No group’ * |-' МАНРО, in pre- 
*NH,*,Mg** reagent, ‚| enc of мне and 


NHOH precipi: 
tates) out! Mgt as ' 
| МЕСМЕ РОДИ га 
Salts of other трега!- 
lic ions of thís group 
being soluble, — 


*Though МН} is included into the;Sth group, the test forit ANH: should, 
however, be carried out at the beginning of analysis with a portion of thc 
original sample. See pages 21, 72, 73. й 
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Principle of EACUS Separation 


From the principle of solubility product ме «know. that 
жћел {һе product of the concentrations of ions of’a sparingly 
soluble salt is greater than.its solubility product, precipitation 
will occur. Thus in Gr. I: we add HCl, which dissociates into 
НҖ and Cl іопѕ:; The concentration of СЕ ions becomes: 
sufficient to exceed «the ‘solubility product of AgCl, PbCl, ; 
and Hg,Cls but not sufficient to exceed thé solubility product 
of the chlorides of metals.of subsequent groups.) «Thus ig 
Hg,Cl, and AgCI only are precipitated in Gr. 1. { / | 


In бг. П we pass H;S through’ solution acidified with HCI. 
Sülphuretted' ‘hydrogen’ in aqueous solution behaves as à weak 
acid. ‘Consequently, its degree of dissociation is very ' знай.” 
Moreover, in presence of HCI, which dissociates into H+ and 
Cl ions the dissociation “of sulphuretted hydrogen is further 
depressed due to common. ‘ion effect (Ht ion being common). 
Hence únder the condition ' only a Very low“ 'doncenitration ' 
of sulphide ion is attained. But evén with this low value of X 

, sulphide ion (S") concentration the solubility product ' of. the" 
sulphides of Gr. II metals are ‘exceeded and these are ‘therefore 
almost’ completely precipitated. Whereas the solubility product 
of the sulphides of metals ‘of subsequent! groups aré not” 

, exceeded under the condition:,.Thus, sulphides, of Zn, Mn Ni, 
Co, etc. are not precipitated, but Cus, PbS»ete, are Pregipitated 
in Group П. 


In order to precipitate out the Gr пів metals g as “gulphides а, a. 
comparatively, high concentration of sulphide ion is .Becessary,. } ^ 
which may be achieved by reducing hydrogen ion concentration 
of the solution. ln Gr. ШВ, HS is passed in presence of 
NH,OH, which dissociates into NH} апф' ОН ions. The: 
latter;ions by reacting) with-H+ ions derived:from the. dissocia- 
tiom;»of HS ;rémove; И! (H+ ions); ifrom. the «system: 
Consequeritly; according to theiprinciple of chemical: ;equilibrium; т 
more, and more:H,S. ма пом be dissociated; ; which лу, result 
into an: increased | value ‘of the. concentration: of sülphidedion.r 
Under the circumstances, ‘the solubility product of the Sulphides С 
of Gr. ШВ (which is greater than those óf the sulphides: ой т: ae 
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will be exceeded and hence Zn, Mn,.Ni and.Co will be precipi- 
tated as their sulphides in Gr. ШВ. 

' The metals-«of: От. ИТА are precipitated as hydroxides ‘by 
adding NH,Cl and NH,OH to the solution; The latter being: 
а меак base dissociates: to; а small extent into МН+ and 
(OH)--ions. -Im presence of МН,С this dissociation is further 


‚ depressed due to! common iom effect (МН ion being 


.common) yielding thereby only«a very: low concentration of 


| (OH)- ions. This low value of (ОН): поп ‘concentration is 


sufficient to exceed the solubility product of the hydroxide of 
Gr. ША metals buf insufficient to-.exceed ‘the same for the’ 
hydroxides of Grs. ТИВ, IV, and. V metals, .. 

In Gr. IV we use NH,OH and (ХН СО, Ву qs the 
lowest limit of concentration. of metal ions as 1073 (M), the 
product of the ionic concentration (of the carbonate and metal 
ion) becomes approximately ] 1:6x 10-4. This value is less than 


| the solubility product of carbonate of. magnesium but, greater 


| than. the solubility product of carbonates of Ba, Sr and 
Ca. That is why the carbonates of Ba, Sr and Ca. are 


| precipitated in Gr. IV but magnesium still remains in solution., 


Magnesium ions remaining in solution are precipitated 


| out by addition. of disodium hydrogen. phosphate, Na;HPO, [as 
a white crystalline ppt: of Мк NH,)PO,,6H,0]. | 


*Removal ог Interfering Acids- 
(Boric, Hydrofluoric, Silicië and Phosphoric acids) 


Under the notes on General Separation Table it has already 
been stated that the preserice of the above four’ acids necessitates, 


| the modification of the usual scheme of analysis after Group П 


for the separation of basic radicals into different groups. 


Borates and fluorides 

Evaporate in a basin the filtrate from: Сгоцр П to dryness. 
Treat the residue with conc. HCl; evaporate again almost 
to dryness. Repeat the evaporation with conc. НС! till the 


| residue gives no test* for borate or fluoride (or both) as the case 


may be. Take up the residue with dil. HCl by warming if . 


*Note that the removal of these interfering acids ft. 
the evaporation with conc. HCl be carried out сола (н. di un И 


/ 
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necessary.' Filter off any residue.: Boil the resulting’ solution 
with'a few drops of conc.. HNO,. Examine the solution from 
Group ША onwards “according to the ‘usual scheme ‘of 
analysis. Boric acid volatilises in the steam and: HF volatilises 
with HCI. í 


N.B. In absence of fluoride, borate may easily be removed 
by repeated evaporation of the filtrate from Group II to dryness 
with а mixture of.conc. НСІ and methyl alcohol. In this 
Process volatile methyl borate is formed and it volatilises | 
away. 


Silicates 

Treat with conc. HCI, the residue obtained by evaporation 
of the filtrate from Group II and evaporate to dryness with 
constant stirring. Repeat the operation with a further Quantity 
of conc. HCl. Bake the residue thus obtained on an asbestos 
board or sand bath for at least 15 minutes. Cool, extract with 
dilute. HCl (warming, if necessary). Filter off the residue. 


. Boil the filtrate with a few drops of conc. HNO, and examine 


the filtrate from: Group IIIA: onwards. 


Note that the silicates that are soluble in water, acids or aqua regia are 
always decomposed, if the above process of repeated evaporation with conc. 
НС! is resorted to. 


[In case of silicates not decomposable by HCl, fuse the 
solid with Na,CO, (1:4) in a nickel crucible. Extract with 
hot water after cooling; add conc. HCl in excess and evaporate 
to dryness, Repeat the process of evaporation by moistening 
the residue with conc. НС! and bake the evaporated mass for 
at least 15 minutes on an asbestos board or a sand bath. Cool 
the mass and extract with dil. HCl by warming, if necessary. 
Filter. Examine the filtrate for cations according to the General 


‘Group Separation Table. 


Vnsoluble silicates require this method of treatment.] 


М.В. (0) > Treatment with НСІ followed by baking converts 
silicates. into an insoluble form of SiO,, which is removed by ` 
filtration. Е : 


A.C.—4 
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(ii). The silica. residue should. be examined (ог Al,O,, FeyOs 
and. CrO, since the above process of removal of silicates often 
makes AlO,, Бе; О; and Cr;,O; insoluble (as a result of bak- 
ing), which ітетаіпѕ on the filter. paper together with SiO;. 
Fuse silica residue with KHSO,. Cool, extract with hot dilute 
HCI; filter and examine the filtrate for iron, aluminium and 
chromium. Ж 


(iii) If the metallic radicals of Group IV are not present it 
is better to decompose the borates, fluorides and silicates by 
using conc. H,SO, instead of НСІ. The residue, after cooling, 
is extracted with dil. НСІ and filtered. The filtrate is then 
boiled with HNO; as usual and made ready for analysis from 
Group ША onwards. 


The. H,SO, treatment may be resorted to even in presence 
of:Group IV metals; but in that case the residue obtained after 
extracting the fused mass with dil. HCl should ‘be treated 
according to the ‘Treatment of Insoluble Substances’, since the 
Group IVimetals are converted into insoluble sulphates in this 
process. The НС! extract of the fused mass is made ready for: 
analysis from Group IIIA onwards after boiling it with a few 
drops of conc. HNO,. | 


Phosphoric acid: 


The principle for the separation of phosphates by the, 
method described below (pages 51-52) may be summarised as 
follows: 


(i) The phosphates of the metals of (NH,),S Group (ШВ), 
(МН,) СО, Group (IV) and Mg are soluble in acetic acid in 
the presence of excess of acetate ions whereas FePO,. AIPO, 
and to a lesser extent CrPO, are insoluble in the said medium. 


(ii) If to a solution containing Fe, Al and Cr an acetate 
solution be added, the acetates of these metals are produced. 
If this be diluted and boiled Fe and Al are almost completely 
precipitated out from the solution as basic acetate, but 
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the precipitation of Cr, however, depends upon the relative 
quantities of Fe and А! present in the solution. 


(ту So, if Fe*** ions (unless there is already. present ли 
sufficient quantity to combine with whole of the PO;"'-ions) 
are introduced, the excess of PO,"' ions aré removed as 
insoluble FePO, from the medium buffered by acetic acid and 
an alkali.acetate., As soon as all the PO,’” ions аге removed a 
little excess. of Fe*? ions react with acetate ions to give ferric 
acetate, which (on boiling gives basic Fe-acetate) has a red 
colour and hence the appearance of red colour indicates an 
excess of ferric ions. The addition of FeCl, is to-be stopped at 
this stage. 


Advantages of using FeCl; 


(i) It is easy to detect the presence of iron in the filtrate 
from Group П. 


(ii) FePO, is the least soluble phosphate that may be pre- 
cipitated in the acetic acid medium. 


(iii) The slight, excess of ferric ions that have been added 
can be easily removed, because the ferric acetate formed hydro- 
lyses on dilution and boiling to basic ferric acetate, which is 
precipitated, 


Procedure for removal of Phosphoric acid 


Before entering into: actual separation, perform the tests 
for phosphate and iron : 


Boil off H.S from the filtrate of Group II. Add a few drops 
of conc. HNO, to it and boil again. 


Add a little of this solution to an excess of ammonium molyb- 
date solution taken in а test-tube; warm up to 40°, if necessary. 
A canary yellow precipitate confirms Phosphate. 


"Test another small portion of the solution with K,[Fe(CN),] 
or NH,CNS solution. Formation of a deep-blue colour; (or ppt.) 
with K,[Fe(CN)¢] and a blood-red colour with NH,CNS confirm 
Tron. у 


52 A TEXT BOOK OF ANALYTICAL CHEMISTRY 


To the main portion of the solution (15-20 c.c.) add about 

2 gms. of NH,Cl. Heat to boiling. Add dil. NH,OH dropwise 

till a slight permanent turbidity occurs. Now boil’ a little and 

- dilute? (to about-30 c.c.)." Add 2-3 c.c. of dilute acetic acid 

and about 20 c.c. of a saturated solution of ammonium acetate*, 
Boil and filter hot. d : 


Residue A: | Filtrate А: 

A mixture | If the filtrate is not red‘ in colour, add freshly 
of phos- | prepared neutral FeCl, solution dropwise stir- 
phates and | ring the hot mixture all'the time, till the solution 
basic aceta- acquires the cream colour of a light tea. Boil 
tes of Fe, | for a few minutes and filter hot. 

Al and Cr. [Residue B: | Filtrate B: 

Examine FePO, and | The filtrate is often solourless (but 
UE PEE may so 5 red as 
-according basic iron Bale р ре 
to the table | acetate. | Ni, Со and Mn). Test a little of the 
of Gr. ША. | Reject it. | filtrate with a drop of FeCh. |f it 


turns red, phosphate has been com- 
pletely removed. Proceed from as de- 
tailed under filtrate C below. ' But if a 
yellow precipitate appears on addi- 
tion of FeCl;; phosphate has not been 
completely removed. In the latter 
case, continue addition of FeCl, 
to the main bulk of the hot filtrate 
till it assumes the cream colour of 
a light tea. Boil and filter. 


Residue C: | Filtrate C: 
Reject it. Heat to boiling. Add 
NH,OH in. slight excess 
and filter. 


Residue D:| Filtrate D: 
Rejectit. | Examine 
according to 
the ‘General 
Group 
Separation 
Table’ from 
Group IIIB 
onwards. 


A portion of the residue D should be tested accorrding to Table 7 Гог 
Manganese (as it may get precipitated here along with Fe*?). > 


EXAMINATION OF CATIONS IN SOLUTIONS 53 
Notes on Phosphate separation 


, 

1. If no preci pitate appears here even on boiling off ammonia 
the substance consists of Na, К and МН} only... In such a case 
further analysis is unnecessary. Test for Ма, К and NHj in 
the original solution; If, on the other hand, a precipitate appears 


on boiling off ammonia, proceed as directed above. ; 

2. The solution should: be diluted as otherwise phosphate 
of Ba, Ca and Sr may come down as precipitate in the next 
stage, when acetate ions are introduced: ! 

3. Formation of a ppt. on addition of acetic acid and an 
acetate indicates the presence of Fe, Al and Cr in the original . 
sample. i T 

4. Production of red colour, on addition of acetic acid 
and ammonium acetate on the other hand, indicates that an 
excess of the required. minimum of iron must have been present 
in the sample. In such a case don't add FeCl, but add a dilute 
solution of ammonium phosphate drop by drop till the solu- 
tion acquires the cream colour of a light tea. Boil for а пише 
or two and filter. Reject the ppt. Test a little of the filtrate 
as usual to see if phosphate has been completely removed or 
not. If the filtrate is free from phosphate, examine the main 
bulk of the filtrate from Group IIIB onwards according to the 
General Group Separation Table. 

Note that on such an occasion an alternative but perhaps 
easier method of attaining the same objective is: Don't add 
Бес. Dilute the solution considerably, boil we 2-3 minutes 


and filter hot. 


Filtrate: | 
Concentrate to a small volume (about 20 c.c.); 


add 0:5 gm of NH,CI and then NH,OH in slight 


Residue: 
Reject it. It 
consists of 


FePO, and | excess. Filter, if required. 
basic ferric | ТЕ any residue, | Filtrate: 
acetate. examine foral,Cr | Examine for cations from 


Gr. ШВ onwards according 


and Mn (if not 
to usual scheme. 


previously tested 
for). 
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TABLE 3 


"t 


Analysis of Group I Metals (Silver Group) 


Тһе ppt. obtained by adding dil. ‘HCI dropwise to the 
original solution may consist of РЫСЬ, AgCl and Hg;Cl,. ` Filter. 
Neglect the filtrate, if metal or metals of only this group be 
supplied; otherwise preserve it for analysis of metals of succeed- 
ing groups. Examine the ppt. in the following: way for metals 
of. Group. Г. 

Wash the ppt. on the filter paper 2 or 3 times with a little 
cold water and reject the washings. Transfer the ppt. in a 
` beaker, and boil with much (about 20 c.c.) water and filter hot. 
Filtrate: (/ Allow the 
filtrate to cool. If the solution 
be sufficiently concentrated, 
white crystalline ppt. of 
:PbCl, appears. The ppt. 
however dissolves.on boiling 
but reappears on ‘cooling. 


Residue: Wash the residue thoroughly 
with hot water, this ensures complete removal 
of lead. To the residue on the filter paper add ` 
about 10 c.c. of Warm SHORE (6M) and 
collect the filtrate. 


Residue*: The residue on | Filtrate: 
the filter papèr turns ‘black, | Divide: - it рр 
Tieat ‘the: тенане with. aqua; | ip to „ето |, (00, Acidify; а. рогноп of 
regia and evaporate to dryness; | parts: the filtrate with acetic acid 
Extract the mass with water. | (0 Acidify oh add K,CrO, solution. 
Decant off the clear. liquid (if | one part A yellow ppt. of lead chro- 
necessary) from the top. — ' | with dil. mate confirms Lead. — 

(i) To a portion of this | HNO, Test (ii) То a. portion of ће 
clear solution add Sncl, | withlitmus, | "early, cooled filtrate add KI 
solution. White ppt. | Solution. А yellow ppt. 

A white ppt. (of Hg;Cl;) ог confirms soluble on boiling but re- 
a grey ppt. (of Hg) confirms | Silver. BPREatS 1-43 golden yellow 
Mercury. til) To tlie crystals on .cooling confirms 


Lead. 

(ii) Dip a clean copper foil | other part | ^ j 

39 A (iv) То another portion 
or copper coin inthe remaining | add a few. 

9 Y of the filtrate add dil. 50; 
portion of the solution—a grey Stops OCT and alcohol. А white’ 4 
; si ic | solution—a SERA 
or white. deposit of ona se 7 soluble та а Strone solution of 
mercury on copper confirms | > PP. | ammonium: acetate confirms 


Mercurv. , of Аг] con- | у ead. 
firms Silver, 


*The residue may be fested for mercury in the following way: Dissolve 
the residue in hot conc. HCi and bromine water. Boil off the excess’ of 
bromine and ultimately treat! the solution thus obtained with SnCl, solution 
as usual, when a white or a grey ppt. confirms Mercury and thus the aqua regia 
treatment may be avoided, if and when required. 
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Principles of doe of iners of Group I 


‘Lead, silver" A mercurous. mercury ions are thrown. put of 
the solution as respective chlorides upon addition. of dil. на! 
to a solution containing the above ions. Of the chlorides thus 
precipitated, Hg;Cl, and AgCI are insoluble in boiling water 
While PbCI, is soluble in boiling water. : КАРА 


Lead is, therefore, looked for in the filtrate from ‘boiling | 


water' treatment. The confirmatory tests for lead involve the 
precipitation of Pb*- ion from the solution as (i) lead iodide, 
(її) lead. sulphate, (iii) lead: chromate, etc, 


PbCl,--2KI = PbI,+2KCl 
_ PbCL,-- H,SO, = РБ8О, +2НС1 


Similar reaction occurs between Pb** ion and K,CrO,. 


The residue after the removal of PbCl, by ‘boiling water” 
treatment consists of Hg,Cl,—AgCl mixture. AgCl goes in 
solution in NH,OH forming the complex salt [Ag(NH;);]Cl. 
Treatment of the residue with NH,OH, therefore, removes 
AgCl. Confirmatory test for silver ions are then carried out 
with this solution. The complex silver. ammonia ion on reaction 
with KI yields a pale yellow ppt. of AgI. The complex ion 
is also decomposed by dil. HNO,. - Addition of HNO,, there- 
fore, causes precipitation of nal from the solution. 


AgCI--2NH; — [Ag (NHjyJCI 
© [Ag(NH,)s]Cl+-KI+2H,0 = AgI--2NH;OH-4-KCI 
[Ag(NH)]CI--2HNO, = AgCl+2NH,NO). 
Hg,Cl, on, reaction with NH,OH Solution yields a mixture 
of amino-mercuric chloride and finely divided mercury; the 
colour of the latter being black the whole mass appears black. 


Hg,Cl,+-2NH,OH = НЕЗ МАНЕС РАНО 20 
Aqua regia dissolves the black mixture. 


[For chemistry of conclusive fests for mercury see Principles 
of Analysis of Metals of Group ПАЛ habs 


& 
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TABLE 4: 
Separation of Group ПА and Group ИВ 
Gr. ПА (Copper group): Pb. Cu, Hg (ic), Bi and Cd 
Gr. ПВ (Arsenic group): As, Sb and Sn. 

Filter the ppt. obtained by repeated passage of H,S through 
the solution. Collect all the ppt. together. Reserve the filtrate 
for analysis of metals of succeeding groups. But if metal or 
metals of only this group be supplied neglect the filtrate. Treat 
the collected ppt. in the following way: 

Wash the ppt. obtained in Group И several times with hot 
water; transfer it into a small beaker. Add about 10 c.c. of 
yellow ammonium sulphide solution, Warm the mixture for a few 
minutes while stirring with a rod. Dilute with water and filter. 
Residue : Gr. | Filtrate: May contain thiosalts of As, Sb and 
ПА present. | Sn. Acidify with dil. НСІ. 

S p Ogame If, on the other hand, 


according. to the ppt. is white or very 
Duc аре light yellow in colour 
of Group ПА PT 1 
Group IIB is absent. 
(Table 5). А 3 
Reject the ppt., which 
is nothing but sulphur 
separated from yellow 
ammonium. sulphide. 


If a coloured ppt. 
comes down on 
acidification, Group 
IIB, i.e., As, Sb and 
Sn present. Exa- 
mine the ppt. accord- 
ing to the table of 
Group IIB (Table 6). 


Principles underlying the analysis of 
Group IIA metals 


The sulphides of the metals of this group are insoluble in 
yellow ammonium sulphide and hence they are left behind as 
residue after digestion with yellow ammonium sulphide. 

On treatment of the residue with dil. HNO,, save and 
except HgS, which remains insoluble, the other sulphides, namely, 
the sulphides of Pb, Bi, Cu ard Cd go into solution as nitrates 
and sulphur is liberated. t 

3PbS+8HNO, = 3Pb(NOj),4-3S--2NO--4H;0. 

Similar reactions take place with sulphides of Bi, Cu 
and Cd. ч 

The insoluble residue (1.е., HgS) from HNO, treatment is 

converted into mercuric chloride by the action of aqua regia. 
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Mercury is identified in mercuric chloride solution by its reaction 
with SnCl, when a white ppt. of Hg;Cl, or a grey ppt. of Hg 
is obtained. 3 
3HgS+2HNO,+ 6HCI = 3HgCl.+4H,0+-2NO+3S 
3HgCl.+SnCl, = SnCl,--Hg,Cl, ‹ 
Hg;Cl,4-SnCl, = 2Hg+SnCl, 

In another test for mercury, the displacement of mercury 
from its ‘salt solution by another metal namely copper, which 
stands higher up in the ‘electromotive series of metals’ is 
utilised. 

HgCl,+ Си = Hg+ CuCl, 

The filtrate from HNO, treatment contains ions of lead, 
bismuth, copper and cadmium from which lead is separated 
as insoluble PbSO,.. Lead is then confirmed by dissolving 
PbSO, into ammonium acetate solution and then precipitating 
out Pb** ion as yellow lead chromate from acetate solution 
by addition of K,CrO, solution. 

PbSO, +2CH,COONH, = (CHsCOO),Pb+(NH,),SO,- 

(CH;COO),Pb+K,CrO, = PbCrO,--2CH,COOK 

Addition of excess of NH,OH to the solution containing 
Ві-, Cu- and Cd-ions causes precipitation of hydroxide of 
bismuth and the formation of the soluble complex ions, 
[Cu(NH,),}** and [Cd(NH;)]*. In one confirmatory test for 
bismuth, alkali stannite solution is added to bismuth hydroxide, 
` when the latter turns black due to separation of metallic Bi. 
This is due to reduction of bismuth hydroxide by alkali stannite, 
which is itself oxidised to alkali stannate. 

2Bi(OH),4-3Na,SnO, = 2Bi+3Na,SnO,+ 3H,O 

In another test for Bi, the precipitated hydroxide is dissolved 
in HCI and the resulting solution is hydrolysed, when a white 
ppt. of oxy-salt is obtained. 

BiCl,+H,O = BiOCI--2HCI 

The filtrate from NH,OH treatment тау · contain 
[Cu(NH,),}'* and [Cd(NH,),}** ions. The blue colour of this ` 
filtrate indicates the presence of copper. Acidification of the 
filtrate with acetic acid results in the decomposition of the 
complex [Cu(NH3)]* into Cw'* ion. Addition of K,Fe(CN)« 
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solution to this acidic solution results in the formation of a 
chocolate coloured ppt. of Cu;[Fe(CN),]. 
[Cu(NH,),J*, + 4CH,COOH = Cutt + 4CH;COONH, 

5 2Cu^ + [Fe(CN),]-* = Cu;[Fe(CN),]. 

While testing for cadmium in presence of copper, the 
filtrate- containing, amine complexes “[Cu(NH,),J** апа 
[Cd(NH,),J*+ is treated with dil. KCN solution, when the 
amine complexes are converted into cyanide complexes, 
potassium cuprocyanide K,[Cu(CN),] and potassium cadmi- 
cyanide K;[Cd(CN),]. у 

2[Cu(NH,),}##-+4CN- = Cu(CN);--(CN);-- 8NH; 
Cuprous cyanide 
CuCN),--6KCN = 2K,[Cu(CN),] 
Potassium cuprocyanide 
[Ca(NH;J]*--2CN- = Cd(CN);- 4NH; 
Cd(CN),+2KCN = K;[Cd(CN);] 
Potassium cadmicyanide 

The dissociation of the above cyanide complexes is shown 
by the following equations: : 

K,[Cu(CN),] =3K*  -H[CWCN)]? 

[Cu(CN)] > = Cur +4CN- (secondary dissociation) 

K,[Cd(CN),] =2K+ = +[Cd(CN),]* 

[Cd(CN)]? = Cd-* +4CN- “(secondary dissociation) 

Of the two complexes, potassium cuprocyanide and potassium 
cadmicyanide the former is stable and the latter is relatively 
unstable. The concentration of cuprous iom arising from the 
secondary dissociation of [Cu(CN),]? as shown above is not 
sufficient to exceed the: solubility product of cuprous sulphide 
Cu,S upon the passage of sulphuretted hydrogen. The cadmium 
complex, on the other hand, being relatively unstable as stated 
earlier, the concentration of Cd** ion produced by secondary 
dissociation exceeds the solubility product of CdS upon the 
addition of H,S; precipitation therefore occurs. Hence if H,S is 
passed through the solution in presence of excess of KCN solu- 
tion, CdS is precipitated but no copper sulphide inspite of the 
fact that the solubility product of copper sulphide is much 
smaller. 

If copper is absent (which is indicated by the colour of the 
solution) the passage of H,S through the filtrate containing the 
complex [Cd(NH;),j** ion causes precipitation of yellow CdS. 
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TABLE 6 


Analysis of Group ПВ Metals 0} 


Wash with hot water the ppt. obtained on acidification o 
yellow ammonium sulphide (solution) extract and reject the 
washings. Transfer the ppt. into a beaker and boil gently with 
10 сс conc. HCl'for five minutes, Cool the solution; dilute 


with 2-3 с.с. water and filter. 


Residue: 3 
Yellow or brown; wash it 
with hot water and confirm. the 
presence of arsenic by either 
of the following tests: __ ў 
(i) Dissolve the residue. in 
conc, HNO,(or, conc. HCl+- 
а few. crystals of КСІОз) by 
heating. Evaporate nearly to 
drvness, Dilute with water, add 
NH,OH solution in. excess. 
Filter, if necessary. „Мом add 
magnesia mixture. Cool and 
shake vigorously. White сгу- 
stalline ppt. pf Mg(NH,)AsO, 
indicates the presence of 
As. Filter, wash the ppt. 
to make it free from NH,OH. 
Add on to the ppt. a few drops 
of AgNO, solution acidified 
with acetic acid. A brown 
or chocolate ppt. of silver 
arsenate confirms Arsenic. 
(ii)-Heat gently the residue 
with powdered ammonium 
carbonate and a` little water 


for 2 to 3 minutes. Filter, if 


necessary. Acidify the result- 
ing solution with dil. HCl—a 
yellow ppt. of А55, confirms 
the presence of Arsenic. 


Principles underlying the Analysis of 


Filtrate: 

May contain SbCl,, HSbCI,, 
SnCl,, H,SnCl, Dilute with 
water and divide it into two: 
portions: 


(i) Make one portion just 
alkaline with NH,OH add 
3-4 gms. of solid oxalic acid. 
Dilute with water and boil till 
oxalic acid is dissolved, Pass. 
H,S through the hot solution— 
an orange-yellow ppt. 
confirms Antimony. 


(ii) Add reduced iron pow- 
der to the remaining portion 
of the filtrate. Dilute with 
water. Heat for about 3 to 4 
minutes. Filter, collect a little 
of the filtrate directly into à 
test tube containing HgCl, 
solution. А white ppt. of 
Hg,Cl, or a grey ppt. of Hg 
confirms Tin. , 


Group IIB Metals 


The higher sulphides of the metals of this group are preci- 
pitated. upon acidification of ammonium sulphide extract con- 


taining thiosal 


Its of this group of metals. Some sulphur is also 
. liberated from ammonium sulphide, 


2AsS,-L6H* = Аз, ЕЗН.5 
^SbS,-3--6H* = Sb,S,+3H,S 
SnS,-1--2H* = SnS,+H,S. 
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Sulphides of antimony and tin dissolve in concentrated 
HCI whereas arsenic sulphide remains undissolved: 
1 Sb,S,4- 6HCI = 2SbCl,+2S+ 3H2S 
SnS,--4HCI = SnCl,4-2H;S. 


The addition of iron. powder to the filtrate (diluted with 
water) from НСІ treatment causes reduction of SbCl, and SnCl; 
to black Sb and SnCl, ‘respectively. Tin is identified by 
the fact that SnCl, reduces HgCl, solution to Hg;Cl, (white) 
and sometimes to metallic mercury (if an excess of SnCl, be 
present). ?ts 

З 2SbCl,4-3Fe = 2Sb4-3FeCl; 

SnCl,-- Ее = SnCl,+ FeCl, 

SnCl,4-2HgCl, = SnCI,4- Hg,Cl, (white ppt.) 
a SnCl,-: Hg, Cl, = SnCl,--2Hg (grey рр.) ` 

"The filtrate (from НС! treatment) containing chlorides of tin 
and antiomny is made just alkaline with NH,OH. The addition 
of excess of oxalic acid to this solution causes the formation of 
tin oxalato complex ion, in which tin remains in the anion. 
"The, behaviour of antimony compound towards oxalic acid 15 
different or at least the antimony oxalato complex is unstable 
and- quite appreciable: concentration of cationic antimony ions 
exists in solution.” ‘Hence if H,S is passed through the solution, 
only ‘antimony .is thrown out of solution as. Sb;S;, which is 
identified :Бу. its characteristic orange colour. 

in one confirmatory test for arsenic, the insoluble residue 
from HCI treatment is converted into H3AsO, Ђу treatment 
with nitric acid. The arsenic acid, HAsO, on being treated 
with NH,OH and magnesia, mixture is converted. into 
Mg(NH,4)AsO, and the latter on reaction with AgNO, gives 
chocolate-coloured AgsAsO 

3As,S;-+-10HNO;+4H20 = 6H;AsO, + 10NO+ 15S 
H,AsO,+ MgCl + 3NH,OH = Mg(NH,)AsO,--2NH,CI T 3H;0 

Mg(NH;)As0,-- 3AgNO, = AgsAsO,+Mg(NO;)2+ NH,NO; 


firmatory test, the residue is dissolved -in 


In another con 
Acidification of the resulting solution 


(NH,)2COs solution. 

results in the reprecipitation of Аѕ,95. 3 

Аб t 3(NH,)2COs = (NH А 58 + (NH,);AsO,S+ 3CO, 
P5 XNH;SAsS--6HCI = AseSs + 6NH,CI--3H,S. 


D 
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TABLE 7 


Analysis of Group ША Metals 


Add a few drops of conc. HNO, to the solution containing 
metals of this group or to the filtrate from Group П [after 
complete removal of Н;8].' Boil for a few minutes. Add about 
3-4 gms. of solid МН,СІ per 20-30 ml. of solution and heat to 
boiling. Now add NH,OH dropwise till a slight smell of 
ammonia persists even on boiling. Boil for a minute and filter. 


Residue: 


May contain Fe(OH); brown, АКОН), 


white gelatinous, Cr(OH), greenish and a little 
MnO(OH),. Wash the ppt. with hot water and transfer 
into a beaker. Add a little water and about 1 gm. of 
Ма; О, alittle at a time. Boil the mixture till effervescence 
ceases. Dilute. with water and filter. 


Residue: 

May contain Fe(OH), 

and often MnO(OH)s. 
Divide the residue into 
two; portions: 
(i) Dissolve опе рог- 
tion in dil HCl by 
warming and add a few 
drops of potassium 
feirocyanide solution to 
it. A deep-blue. ppt. 
(prussian blue) confirms 
Tron, 

(ii) Dissolve another 
Portion of the residue in 
НМО,(1:1). Add about 
1 gm. of Po,O, or PbO,: 
Boil gently for about a 
minute or two. Dilute 
and allow the residue to 
settle: A pink or violet 
colour of the supernata- 
nt liquid confirms 
Manganese, 


Filtrate: 

May contain 'Na,CrO, 
and МаА1О;. If the filtrate 
is yellow, divide it into 
three parts (if colourless Cr 
is absent): 

(i) Acidify опе portion 
with acetic acid and add lead 
acetate solution--a · yellow 
ppt. - of- PbCrO, confirms 
Chromium. n 

(ii) Acidify another 
portion with dil H,SO,. 
Cool ‘tinder a tap. Add 2 c.c. 
ether, 2-3 drops of H,O, dnd 
shake, а’ deep-blue etherial 
layer confirms Chromium. 

(iii) Acidity the remaining 
portion* of the filtrate with 
dil. “HCI (test with litmus). 
Add. NH,OH. till г alkaline. 
Heat to boiling and allow to 
stand—a w h i t e gelatinous 
ppt. indicates 41, Confirm 
Al by performing cobalt ni- 
trate test with precipitated 
Al(OH)s. 


Filtrate: 
Reject it, if metal 
or metals of only 
this group be 
supplied. Other- 
wise examine for 
succeeding 
groups. 


*Alternatively, boil the solution with an excess of NH,Cl—a white 
gelatinous ppt. confirms Aluminium. E 
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Principles underlying the Analysis of 
Group ША Metals 


In presence of МН,СІ, NH,OH precipitates metals of 
this group as hydroxides. NH,Cl reduces the concentration of 
OH- ions by common ion effect and buffer action and thus 
prevents the metals of succeeding groups from being pre- 
cipitated as hydroxides, which haye higher solubility product 
values than those of the hydroxides of this group of metals. 
But Mn++ ion, if present, may however, be precipitated as higher 
hydrated oxides, the formation of which is partially due 
to oxidation of some Mn(OH), by air and also partially to 
oxidation of some Mn*? ions to Mn*! ions during НМО, 
or bromine water treatment meant primarily for oxidation of 
Fe*? to Fe*? ions. 

On boiling the ppt. of the group with NaOH solution and 
H,O, or simply with Na,O, and. water, Al(OH), and Cr(OH); 
dissolve forming NaAIO; and Na,CrO; respectively. In the latter 
case the solution turns yellow. [The Fe(OH), and MnO(OH);, 
if present, do not go into solution]. The reactions may be 
represented by the following equations: 

Ма,0, -26,0 = 2NaOH---H;O; 

АКОН),+ NaOH = NaA10O;--2H;O 

Cr(OH)-- NaOH = МаСгО,+2Н;О 
2NaCrO,+2NaOH-+3H,0, = 2Na;CrO, T 4H;O. 

The filtrate obtained on treatment with Na,O, (or, NaOH 
and H,0,), if boiled with NH,CI itself or with HCI-- NH4,OH, 
NaAIO, is decomposed and precipitation of Al(OH); occurs. 

NaAIO, Е NH,Cl+H,0= АКОН), + NH;-- NaCl. 

While chromium is tested for in the yellow solution of sodium 
chromate and these tests involve the conversion of Na,CrO, 
(i) into PbCrO,, insoluble in acetic acid and (ii) into perchromic 
acid H,CrO,, which, when shaken with ether, turns the laiter 
blue. E у 

() 2Na4Cr0,4-2C;H40, =Na,Cr,0,+2NaC,H,0,+H,0 

Na,Cr,07+ 2РЫ(С.Н;0,),+Н,О 
=2PbCrO,+2NaC,H;0,+2C,H,O2 
CrO,+H,SO;=NazCr,0,+NaSO,+ н.о 


ji) 2N: 
(ii) 2Nas -- H,SO,-- 7H,0, —2H,CrO, + Na,SO, + 5H,O. 


Na,Cr,07 
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The test for iron in the residue containing Fe(OH), and 
MnO(OH), (if there be any) involves the treatment of a 
portion of the residue with dil. НСІ followed by addition of 
K,Fe(CN), solution to the resulting НО! solution, when 
Fe,[Fe(CN),]; is produced. 

FeCl,-+3K,[Fe(CN),] —Fe,[Fe(CN);],--12KCI. 


While the test for manganese in the same residue consists in 
the conversion. of Mn-ppt. into MnO, ion. А portion of the 
residue obtained after removal of aluminium and chromium 
from Group IIIA ppt. by boiling with Na,O, and water is boiled 
with HNO, and PbO, (or РЬзО.), when MnO% ions charac- 
terised by its pink colour is produced. The reaction that occurs 
is represented by the following equation: 

2Mn(NOj),--5PbO;- 6HNO; 

=5Pb(NO,).+2HMnO,+-2H,0. 


Note that in the usual division of metallic ions into groups, 
manganese does not come under this group (i.e., Group ША). 
But, in practice, because of some such reasons as have already 
been stated, some manganese may be precipitated by Group IIIA 
reagents. Hence provision has been made for detection of 
manganese in both Group ША and ШВ. ` 
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68°. A TEXT BOOK OF ANALYTICAL CHEMISTRY 
Principles of Analysis of Metals of Group IIIB 


Addition of ammonium sulphide (i.e., NH,OH 4- H5S) causes 
precipitation of sulphides of these metals. 


Of these sulphides MnS and 215 are soluble in very dil. НС! 
(1 : 10), while NiS and CoS are practically insoluble. 


MnS--2HCl —MnCl,--H;S 
ZnS+2HCl =ZnCl,+H,S. 


,The solution obtained on treatment of the sulphide with 
very. dil. НСІ may contain Zn** ions and Mn** ions. If this 
solution be treated with excess of NaOH solution, the hy- 
droxides are first precipitated. But Zn(OH)s however, goes 
into solution with the excess of NaOH solution forming ZnO.~* 
ion whilst hydroxide of manganese remains unaffected and is 
separated. by filtration. 

ZnCl,--4NaOH —Na;ZnO,;--2NaCI--2H;O 
MnCl,-+-2NaOH=Mn(OH),+2NaCl. 


The precipitated hydroxide of manganese is then oxidised 
by boiling with HNO, and PbO, (or Pb,O,) to MnO, ion, which 
is characterised by its pink colour. . 


2Мп(МО,),+5РЬО,-+6НМО, 
=5РЬ(МО,).--2НМпО,--2Н.О. 


H,S precipitates ZnS (white) from the filtrate containing 
ZnO,-? ions. 
Nas,ZnO;-- H8 2 ZnS -2NaOH. 

Zinc is also characterised by a white ppt. of K;Zn;[Fe(CN)g]s 
obtained in the dil. acid medium on addition of K,[Fe(CN),]. 

The residue left over after the treatment of sulphides with 
HCl ():10) may contain NiS and CoS. This is 
ution either by treating with aqua regia or by 
c. НС! together with a few crystals of KCIO, 


very dil. 
brought into sol 
treating with con 
in the usual way. 
3NiS--2HNO;- 6HCI— 3NiCI,+2NO-+-3S+-4H,O0 
3CoS --2HNO;4-6HCI— 3CoCl,+2NO+3S+4H,0; 
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To a portion of the solution thus obtained NH,OH is added 
till alkaline and then a few drops of dimethyl glyoxime reagent 
—а red ppt. of Nickel dimethyl glyoxime confirms Ni. 

CH,—C=NOH 


2 i j --NiCl--2NH,OH 
CH,—C=NOH 


о HO 
| | 
снус=м (ССН, 
= | 4 +2NH,Cl+2H,0 
CH,C-N/ "N-CCH, 
1 
он Ò 


Cobalt is detected by carrying out the test, which is based 
upon the following equation: 
Co**--7NOg4--- 3K*--2H*— K,[Co(NOj) | 3- NO-H30. 


Cobalt can also be confirmed by carrying out the Borax 
Bead Test with the residue (a mixture of NiS and CoS), which is 
left behind after the treatment of the precipitated sulphides of 
this group with very dilute HCI. In NH,CNS test for cobalt, 
ammonium cobalto thiocyanate (NH,),[Co(CNS), which is 
blue in colour is formed. This compound being stable and 
soluble in amyl alcohol imparts a blue colour to alcoholic layer. 
Бене, if present, interferes with this test as a red coloured com- 
plex [Fe(CNS),]? is formed. 
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TABLE 9 
Analysis of Group ГУ Metals 


Make the filtrate from Group ШВ acidic with acetic acid. 
Boil ой HS completely and concentrate the solution by 
evaporation. Cool and filter, if any solid separates out. To this 
filtrate [or, to the given concentrated solution containing Ba-, 
Sr- and Ca-salts add solid NH,Cl, boil and] add 2-3 c.c. of 
NH,OH solution. Heat nearly to boiling. Now add freshly 
prepared (NH,),CO, solution in excess (10-15 c.c). Allow it to 
stand with frequent stirring for about 5-10 minutes. Filter, 
reserve the filtrate for analysis of Group V. [But if the radicals 
given be of this group only discard the filtrate.] Examine the 
precipitate for metals of Group IV in the following way: 


Residue: May contain carbonates of Ba, Sr and calcium. Wash tht 
residue with hot water. Dissolve the precipitate by pouring down the mini- 
mum volume of hot, dilute acetic acid on the filter paper. Collect the solution 
in a beaker by placing it under the funnel. Heat the solution to boiling. Test 
a little of this solution for barium by adding a few drops of K,CrO, solution 
toit. If mo ppt., Ва is absent; don't add K,CrO, to the whole of the solution 
but proceed forthwith for testing Ca and Sr. 1f a yellow ppt. appears, Ва is 
present. Treat the main bulk of the hot solution with K,CrO, solution in 
slight excess. Filter. 


Filtrate*: May contain Sr and Ca s a l t s. 
Render it alkaline by adding МН.ОН. Add а 
saturated solution of ammonium sulphate. Heat 
to boil and allow it to stand at least for five 
minutes. A white ppt. of 5780, indicates Srt?. 
[If K,CrO, is used for separation of Ba**, this 
white colour becomes apparent only after wash- 
ing the ppt. with water.] Filter. 


Residue: Yel'ow 
BaCrO, Wash with 
water and perform flame 
test with a little of this 
washed residue. Apple 
green flame shows 
Barium. 


Residuc: Reduce the 
precipitated SrSO, by 
heating a little of it on 
the tip of a wire in the 
luminous flame and then 
perform with the reduced 
product the flame test in 
the usual way. A steady 
crimson flame confirms 
Strontium. 


Dissolve a little of the 
© residue in dil. НС! and 
add a few drops of dil. 
H,SO,—a heavy white 
ppt. confirming Barium. 
[This ppt. may appear 
yeliow but becomes 
white, if washed well 
with water.] 


Filtrate: May соп- 
tain -Ca-salt. 
Add  NH,OH and 
ammonium oxalate 
solution—a white crys- 
talline precipitate, in- 
soluble in acetic acid 
confirming Calcium. 

Perform flame test 
for Caicium. 


*An alternative but perhaps a better method for detecting Sr* is to treat 
a portion of it with a saturated solution of CaSO, and allow to stand, when 
a white ppt. of SrSO, is obtained. Confirm Sr** by performing flame test 


with this ppt. as usual. 
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Principles of Analysis of Metals of Group IV 


Advantage is taken of the following facts: А 

The addition of NH,Cl, NH,OH and (NH,),CO, causes . 
precipitation of sparingly soluble СаСО., SrCO, and ВаСО.. 
The présence of ammonium ion lowers the concentration of 
CO," ions and OH- ions so much so that magnesium, if present 
in the solution, is not precipitated. Too large excess of NECI 
hinders even the precipitation of carbonates of Ba, Sr and Ca. 
Hence excess of NH,CI, if present, is to be removed by crystalli- 
sation from the filtrate of Group IIIB before trying to 
precipitate out metals of Group IV. Moreover, the solution 
should not: be boiled with (NH;CO,, as boiling causes 
volatilisation (cf. page 45) of (NH;),CO, and thus lowers the 
concentration of CO," ions. 

Carbonates of Ba, Sr and Ca on being treated with acetic 
acid pass into solution with the formation of acetates, carbon 
dioxide being evolved. When this acetic acid solution is treated 
with a solution of K4CrO;, only Ba is precipitated as BaCrO,. 
But SrCrO, and CaCrO, being soluble in the medium are held in 
solution. Ba** ions аге thus separated from Sr** and Ca** ions. 

BaCO;--2CH,COOH —(CH;COO);Ba-- CO;- HO 

(CH4COO);Ba-- К,СтО, =ВаСто, + 2CH,COOK. 

Васто, dissolves in НСІ forming BaCl, which, on treat- 
ment with dil. HSO., gives a heavy white ppt. of BaSO,. 

The filtrate obtained after the addition of К.СгО, ‘contains 
Sr ions and Ca ions. This filtrate is made ammoniacal by 
addition of NH,OH. Concentrated solution of (NH):SO. 
precipitates out SrSO, from this ammoniacal solution. But 
CaSO, dissolves in hot conc. (NH,).SO, solution forming the 
soluble (NH;),Ca(SO;). Some CaSO, may be co-precipitated 
with SrSO,, if the concentration of Са++ ions be very high. [In 
an alterative method as described in foot-note under Table 9 
the detection of 5г*? involves Ше precipitation of 5:80, by a 
saturated solution of CaSO,, the use of which is preferable to 
that of other soluble sulphates or dil. H,SO,]. The filtrate, 
obtained after the separation of SrSO,, contains Сат“ ions, The 
filtrate, if treated with NH,OH and (NH,),C;O, yields a ppt. 
of Сас,О, because CaC;O, is less soluble than CaSQ,. 


ТАВГЕ 10 
Analysis of Group V 
Mg^"-, K+, Nat- & МН+ a -ions 


To the filtrate from Group IV add 2 c.c. each of (NH44,SO, 
and (NH4),C,O, solution. Heat to boiling and allow it to 
stand at least for 5 minutes. Filter, if any ppt.! comes down, 
Divide this filtrate (or, concentrated solution containing metals 


of this group) into two unequal parts. 


Evaporate the larger portion to dryness' 
and heat the residue below dull redness till 
the evolution of white fumes of ammonium 
salt ceases. Again evaporate it to dryness 
with a little conc. HNO, and heat gently 
to expel the ammonium salt, if any. 

If no residue Na, K are absent. Further 
analysis is unnecessary. Perform the usual 
test for ammonia’ with the original sample 
or with its aqueous extract. 

If any residue, cool it, take up with about 
3 c.c. of water and filter. Divide the filtrate 
into two parts. 


To the smaller 
portion add 
NH,OH and 
then Na,HPO, 
solution in ex- 
cess. Shake well 
and scratch 
the sides of 
the testtube 
with a glass 
rod and let 
stand. A 
whitecrystal- 
line ppt.? shows 
Magnesium. 


To the other part: 
adda little potassium 
antimonate solution. 
Rub the inside of the 
test-tube with a glass 
rod; a crystalline 
white ppt. of 
NaH;SbO, which 
sticks to the wall of 
the test-tube like 
sandy particles 
Shows Sodium. 


To one part add a 
little acetic acid and 
freshly prepared sodi- 
um cobalti-nitrite solu- 
tion. Shake and allow 
to stand for a few 
minutes. A yellow ppt.* 
of  KjNa[Co(NOj),] 
shows Potassium. 
Confirm potassium 
by performing flame 
test with the original 
solid (or, better with re- 
sidue obtained by eva- 
porating the aqueous 
extract of the sample). 


Confirm sodium 
by flame test (see 
potassium). 


Since ammonium® compounds are added at various stages during the 
course of analysis, don't test for ıt in the filtrate from Group IV. Perform 
the following tests for NHf: 

É Heat the original substance with NaOH solution; the gas evolved has a 
pungent smell, turns red litmus blue and filter paper moistened with mercurous 
niirate solution black—ammonium compounds. See pages 21,73. 


m ÀÀÀ— 
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Notes on Table 10 


l. The alkaline earth metals that have escaped precipitation 
in Group IV are precipitated here. So, in case any precipitation 
occurs here, examine the ppt. for metals of Groüp IV. 

2. Aluminium, if not precipitated completely in its proper 
place, may be precipitated here as AIPO,. Мое that in the case 
of aluminium a flocculant precipitate but in the case of Mga 
crystalline ppt. of MgNH,PO, comes down. Treat the ppt. 
with acetic acid. If it dissoives—Mg, since MgNH,PO, is 
soluble in acetic acid where as AIPO, is not. 

М.В. It often happens if metals of' preceding groups 
escape precipitation in their proper places, they are precipitated 
on addition of Na;HPO, and students consequently report for 
Mg even when no Mg is present. 

3. This test for potassium does not hold good in presence 
of ammonium salts, since ammonium salts also give a similar 
coloured ppt. with the reagent. So perform this test for 
potassium with the solution from which ammonium salts have 
been completely removed. Prepare sodium cobaltinitrite 
solution by mixing an equal volume of cobalt nitrate and a strong ` 
solution of sodium nitrite (20 gms. in 30 c.c. water). Add a 
little excess of acetic acid to the mixed solution. Use the solu- 
tion thus prepared. 

4. This solution must not be too dilute. Of the various 
reagents proposed from time to time for testing Na, zinc uranyl 
acetate or magnesium uranyl acetate is satisfactory. Note 
that the flame colour is characteristic and hence is confirmatory 
test for both Na and K. 

5. An extremely sensitive test for ammonia is with Nessler’s 
reagent. To a ‘little of the aqueous extract of the original 
sample add Nessler’s reagent; a brown coloration or an orange- 
red ppt. depending upon the amount of ammonia is obtained. 

N.B. In this experiment all metal except those of alkalis 
must be absent. Hence it is preferable to carry out this test with 
the gas obtained on heating the sample with alkali. 

Preparation ој Nessler's reagent: 

It is an alkaline solution of potassium mercuri-iodide. 
Prepare Nessler's reagent by adding KI solution to a solution of 
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mercuric chloride when a red ppt. is formed and then dissolving 
this ppt. of Hgl, in just excess of potassium iodide solution. Now 
make the solution alkaline by adding KOH. 


Chemistry of the Analysis of Group У 


No satisfactory systematic scheme being available for the 
qualitative analysis of Group V, the radicals are looked for by ` 
independent tests. It utilises the following facts: 

1. To a solution of magnesium compounds containing 
NH,C! and NH,OH addition of Na,HPO, causes а ppt. of white 
crystalline magnesium ammonium phosphate. 


. MgCl,-+-NH,OH-+Na,HPO,=Mg(NH,)PO;+2NaCl+ H,O. 


5 Thé precipitation is accelerated by concentrating the solution 
before addition of the reagent and by vigorous shaking and 
scratching the inner wall of the test-tube. Since alkaline earth 
metals algo give ppt. with Na,HPO,, they are first of all removed 
(if there be any) by adding (NH,).SO, and (NH,);C;O;. 

2. Addition of sodium cobaltinitrite to a solution containing 
K* ions gives a yellow ppt. of potassium-sodio-cobaltinitrite 
K,Na[Co(NO,)¢]. 

Nay [CONO] --2KCI — KNa[Co(NOJ),] + 2NaCl. 


This precipitation reaction is shown by МНЕ ions also. 
Hence this test for К+ ion-should be performed in absence of 
МНЕ ion. To detect К+ ion in presence of NH7 ion, the latter 
is expelled first (the procedure is shown in the table) and 
then the test is performed. 

3. Weakly alkaline or neutral solution of sodium com- 
pounds when treated with a solution of potassium antimonate 
gives a white crystalline ppt. of sodium antimonate. 

KH,SbO,+NaCl=NaH,SbO,+KCl. 


The precipitation 15 facilitated by scratching the inside of 
the test-tube. 
4. Ammonium salts, when heated with NaOH solution, 


ammonia is evolved. 
NH,Cl+-NaOH=NH,+NaCl+H,0. 
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The evolved ammonia turns mercurous nitrate paper black, 
2Hg,(NO,).+4NH,-+H,O 


Hg 
=3NH,NO,+0€ NHNO, --2Hg. 
Hg 


Black 


Moreover, mercuric chloride when treated with excess of 
KI, a complex compound, potassium mercuri-iodide is produced 
in solution. Ап alkaline solution of this reagent gives brown 
coloration or an orange-red ppt. with ammonia. 

HgCl,4-2KI-- HglI,4-2K CI 
Hgl,--2KI—K;,[Hgl,] 
2K,[Hgl,] -3KOH4-NH, = IHg-O-HgNH, 71429,0. 


The formula of the ppt, which is known аз iodide of 
Miilon's base is shown above within the second bracket. 


CHAPTER V 
Examination of Anions in Solution 


'The methods, so far available for the examination of anions 
in solutions are not so systematic as those for basic radicals. 
Examination of anions in solution is usually (though not always) 
carried out after the completion of preliminary tests for basic 
and acid radicals, the special tests for some acid and basic 
radicals and the wet analysis of the basic radicals. The 
knowledge gathered from the tests so performed and the 
behaviour of the substance towards different solvents give 
Some indications as to the presence and absence of many 
acidic radicals. Suppose the substance is soluble in water and 
the basic radicals of the Group IV (ie. barium group) are 
present, then sulphuric acid, carbonic acid and phosphoric 
acid are not present. Similarly, chlorides, bromides and iodides 
are definitely absent should the sample be soluble ш water and 
silver have been found. The students, therefore, should carry 
out the test for anions, in a judicious and intelligent way. 


Preparation of Solution for Examination of Anions 


In order to avoid side reactions, prepare a solution which . 
will contain all anions free, as far as possible from heavy metals. 
This is done in the following way: 

Take a little of the substance in a beaker. Add about 
5 times its weight of Na,CO; and about 20 c.c. distilled water. 
Boil at least for 15 minutes making up the loss of water that 
takes place during evaporation by adding distilled water; boil, 


cool and filter. 
[If the substance is soluble in water and contains no heavy 


metals, the aqueous solution obtained by boiling the substance 
with water may be examined for anions. In fact the examination 
of aqueous extract for the detection of anions may sometimes 
prove advantageous. If the substance be only partly soluble in 
water, as it often happens in the case of mixture, the following 
method of preparing solution may be adopted: 

Boil the substance first with water and then treat the warm 
aqueous extract thus obtained with a concentrated solution 
of Na,CO, to precipitate out heavy metals, if there by any. 
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Filter. Take the residue (obtained from treatment of tbe 
substance with water), fuse it with solid NaCO, and extract 
with water. Analyse the two extracts separately. This may 
help a student in suggesting a probable composition of the 
mixture with a certain degree of aceuracy.]. 


Tests for Anions 

Use a portion of the solution thus prepared for performing 
the tests for anions and reserve the remaining portion for the 
Separation of mixture of acids, if necessary. 


Experiments Observations Inferences 


=== 
А transient pink Sulphide 
or violet colour. 


І. Тоа little of ће prepa- 
red solution add a few drops 
of freshly prepared sodium 
nitroprusside solution. 

2. Acidify a little of the 
prepared solution with dil, 
НС. Boil off CO, and add 
BaCl, solution. 


(а) Sometimes а | Silicate 
gelatinous ppt. 
appears on aci- 
dificatijion, 
particularly on 
boiling. 

(b А heavy Sulphate 
White ppt. 


insoluble in 
excess of dil. 
HCI 


(а) A white ppt. | Chloride 
insoluble in dil. 
HNO, but solu- 
ble in ammonia. | _ 
(6) A. pale-yellow | Bromide |4 
ppt.. insoluble in 
dil. HNO,,. solu- 
ble in excess of 
strong ammonia. 
(c) A yellow ppt. | Iodide 
insoluble in dil. 
HNO, and does 
not dissolve in 
strong ammonia. 


3. Acidify a little of the 
prepared solution with dil. 
HNO,. Boil off CO, and 
add AgNO, solution. 


3. (i) 1f any positive 
evidence be obtained in 
in expt. 3, evaporate a por- 
tion of Na,CO, extract and 
perform chromyl chloride 
test with the residue (see 
page 84). 


Yellow ppt. Chloride 
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4. Acidify 1 c.c. of the 
prepared solution with dil. 
H,SO, and wait till the 

. effervescence сеазез; add 
1 c.c. of a freshly prepared 
saturated solution of ferrous 
sulphate. Now add 1-2 c.c. 
conc. H,SO, cautiously 
down the side of the test- 
tube without disturbing the 
liquid. 

5. Acidify a little of the 

prepared solution with di- 

lute acetic acid and divide 

the solution into two parts: 
(i) @ To one part add 

starch-KI solution. 


(b) If no deep-blue colour 
develops in 5(i)(a) add a 
piece of zinc. 

(ii) Boil off CO; from the 
second portion and add 
lead acetate solution. 

6. Acidify a little of the 
prepared solution with. dil. 
НСІ. Вой off CO;; make it 
alkaline with NH,OH; 
then add magnesia mixture. 

7, Filter the ppt. obtained 
in Experiment (6), acidify 
the filtrate with dil. HCl; 
warm and pass sulphuret- 
ted hydrogen. 

8. Acidify a little of the 
prepared solution with dil. 
HNO,, boil off CO, Now 
add NH,OH to make the 
solution just alkaline; boil 
off excess of ammonia an 
divide the neutral solution 


into two parts. 


If the substance be insoluble 
ppt. on neutralisation of Na,COs 


sulphide of Sb or As. 


in water, 


A brown ring is 
formed at the 
junction of the 
two liquid 
layers. 


А deep-blue 
coloration. 


Adeep-blue 
colour develops. 


Yellow precipi- 
tate 


A white ppt. 


A yellow ppt. 
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Inferences 


Nitrate? 
a n d/or nitrite. 


Nitrite a n d/or 
other oxidising 
agents. 


: Nitrate 


Chromate? 
a n d/or iodide. 


Arsenate 
and/or -5 
phosphate.) 


Arsenite 


appearance of an orange or yellow 
extract with acid indicates the presence of 
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Experiments 


(@ To one part add an 
excess of AgNO, solution. 


(а) Ayellow 
ppt. 


(b) A red-brown 
ppt. 


(c) A chocolate 
red ppt. 


(d) Yellowish- 


Inferences 


Phosphate 
a n d/or Iodide. 


Arsenate  and/ 
or arsenite. 


Chromate 


Halides* 


white or white 
ppt. insoluble in 


НМО.. 


(ii) To the other part, add | (а) Yellowish- | Phosphate5 
a freshly prepared dilute | white ppt. solu- 
solution of FeCl, drop by | ble in dil. mine- 
drop. ral acids but 
insoluble in dil 
acetic acid. 


(b)  Blood-red | Thiocyanate 
coloration 

bleached by 

HgCl, but not 

by HCl. 


N.B. 14. Acid radicals in some sulphides and halides cannot be detected 
by the preliminary tests and also by the tests described above. So if a student 
suspects the presence of halides and/or sulphide (in fact, after the comple- 
tion of the wet analysis of the base attempt should always be made to guess 
the presence or absence of particular acid or acids from a knowledge of the 
solubility of the substance supplied) he should perform the special tests for 
sulphides and halides as indicated earlier under “ѕоте special tests for detec- 
tion of acid radicals". 


2. The brown ring is due to the formation of a compound,’ which is 
formulated as [Fe(NO)}SO,. 
NaNO;--H,SO, —NaHSO,--HNO; 
6FeSO,-2HNO; 1-3H;SO, 
—3Fe4(SO;),--4H,O +2NO 
FeSO,+NO=[Fe(NO)]SO,. 
Bromide, Iodide must be absent. Note that this test is not reliable in 
presence of sulphites, thiosulphates, chromates, etc. 
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3. Perform the experiment for chromate, if the perpared solution is 


coloured yellow. 
5. Test for phosphate should also be carried out in the filtrate from 


Group II, if its presence is suspected by the preliminary test. 


Examination of acid mixture for detection 
of Constituent acids 


When the sample supplied contains more than one acid 
radical, the identification of the acid radicals often becomes a 
bit difficult, one masking the presence ofanother. Ifthe presence 
of any acid radical be. indicated or suspected at any stage 
during the course of analysis the suspected acid should be 
confirmed by at least one distinctive confirmatory test. Moreover, 
the substance must be examined for other acids (or acid), which 
are similar to the suspected acid and which are likely to interfere 
with the identification of the suspected acid. 


1. Mixture of Carbonate and Sulphite: 


Experiment: К 

Mix the solid with a little K,Cr,O, and take it in a test-tube; ` 
add dil. H,SO,, warm, if necessary. (a) Pass the evolved 
clear lime water and (b) observe the colour of the 
e test-tube to which H,SO, has been added. 


gas through 
mixture in th 


Inferences 


Observations 


(a) Carbonate 
(b) May be 
' Sulphite 


(a) Lime water turns milky. 
(b) The solution in the test-tube becomes 


green. 


esence of these acids are indicated in 
ating the substance 


hrough lime water, 


N.B. Note that the pr 
the preliminary test, which consists in tre 
with dil. acid and passing the evolved gas t 


when the latter turns milky. 
If the solution in the test-tube becomes green, onfirm 


sulphite by the method given for analysis of mixture of sulphur 
acids (see page 82). 
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2. Mixture of Nitrate and. Nitrite 

Experiment (i): 

Acidify a little of the prepared solution with dil. H,SO, 
add KI and starch solution. 


Observation Inference 


The solution turns deep-blue Nitrite 


Experiment (ii): 

Boil another portion of the solution with ammonium 
chloride or with urea and dil. H,SO, tiil the effervescence 
or evolution of gas ceases. Now apply еййег (a) the ring test 
for nitrate with the residual solution or, (5) add КТ and starch 
solution and a piece of zinc to the residual solution and then 
acidify with dil. H,SO,. 


Observations 


Inferences ~ 


(a) A brown ring is formed ...| (а) Nitrate 
(6) Deep-blue colour is developed in solution...) (b) Nitrate 


N.B. Nitrite can be identified even in presence of a nitrate. 
But nitrite interferes with the test for a nitrate, the identifica- 
tion of which, therefore, necessitates the previous removal of 
nitrite. To test for nitrate in the mixture, nitrite is fifst 
decomposed either by boiling the substance with ammoniuni 
chloride or with urea and dil. H,SO,. Reactions that occür ` 
while decompsing a nitrite are: х 

NaNO,+NH,Ci=NaCl+N,+2H,O0 
2HNO,+CO(NH,),—=CO,+2N,+3H,0. 

(i) Note that small amounts of nitrate are always formed 
while destroying nitrites by the above methods ~ 

(ii) The presence of these acids are indicated while warm- ` 
ing the substance with conc. H,SO,—a brown fume being | 
evolved. These are also indicated by ring test. [See also the 
experiment (а) and connected notes described for the analysis of A 
Acid mixture no. 7.]. ^ 

A.C.—6 
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3. Mixture of Arsenite, Arsenate and Phosphate 
To the prepared solution add dil. НСІ till faintly acid, 


boil off CO;. 


Now make the solution alkaline with NH,OH 


and add an excess of magnesia mixture; rub the walls of the . 


vessel and let it stand for 5-10 minutes. 
Aci- | 


Filtrate: 
dify with dil. 
НСІ, heat to 


boiling and: 


pass in Н,5. 
А yellow ppt. 
of arsenious 
‚ sulphide con- 
firms Arsenite. 


4. 


Filter. 

Residue: White ppt., wash with water. 
Dissolve the ppt. in dil. HCl. Add sulphurous 
acid. Boil off excess of sulphur dioxide; pass 
in H,S. If yellow ppt. appears, pass in more 
Н,5 till precipitation is complete. Filter. 


Filtrate: Boil off H;S. Add a 
little conc, HNO,, now-add a 
little of this filtrate to an excess 
of ammonium molybdate con- 


Residue: 
Yellow ppt. 
of arsenious 


sulphide 


indicates 
Arsenate. 


| Phosphate. 


Mixture of Sulphur* acids 


taining 2-3 c.c. conc. HNO. 
Shake and finally warm. А 
canary yellow ppt. confirms 


Shake up, the prepared solution! with an excess? of PbCO, 
suspension in water and filter. 


Residue: 
Black, a 
mixture 
PbCO, and 
‚ PbS. The 
black colour is 
due to PbS. 


which indica- . 


tes Sulphide. 


of 


CL ET RUIT 


N.B. 1: 
2, 


respectively, if available. И CdCO, is used, a ye 
obtained instead of a black one in case of a sulphid' 


Filtrate: 
filter. 


Ааа BaCl, solution in excess? and 


Residue: White ppt. of 


BaSO, Ba 
Wash, treat 
НСІ and f} 
Residue: 
White ppt. 
of Вазо,_ 
indicates 

Suiphate. 


SO, .and BaCO,. 
the ppt. with dil. 
ter. 

Fitrate: Con- 
tains sulphurous 
acid. Add bro- 
inine water, de 
` colourisation of 


| bromine water 


and a white ppt. 


* | of. Вазо, in- 


dicates sulphite. 


The prepared solution must not be acidified. ^. 
Excess of reagent is to ensure complete precipita 
In place of PbCO, and, BaCl, use CdCO; and 510303) 


rcoal reduct 


Iphur acids is indicated by nitroprusside 


ion test. 


Filtrate: Con- 
tains BaS,Q,. 
Acidify with 
dil. HCl and 
boil—smell -of 
SO, (tested Бу 
K,Cr,0O, pa; 
per) and preci- 
pitation of sul- 
phur, indicates 
Thiosulphate. 


tion. 


llow ppt. 18 
е. RS 
test performed 
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5. Mixture of Chromate and Sulphate : P 
To test for above acids perform the following experiments: 


Experimeni (i у" 

To a little of the prepared solution add dil. H,SO, ЧИ acid, 
Cool-under-a tap; add.a little ether (about 0-5 c.c.) and а drop 
or two of 3% hydrogen peroxide and shake. , 


Observation | Infer 


The.ethereal solution: is coloured bive. which | Chromate 
gradually turns grecn. | х | Е 


Experiment (ii): t 
Acidify a little: of the prepared solution with dil. HC, boil 
off CO, and add BaCl, solution. "iter and wash the residue 
with water till free from yellow colour. 


Observation 4 i Inference 


A white residue is left behind. 


N.B. Note that the individual tes P 
acids of the mixture have already been | Moreover, 
the above combinations present no special а сину in. their 
detection... Hence students following the systematic course of 
analysis must have identified these acids, if present, by perform 
ing independentiexpts., and may.intellizently avoid here the mere 
repetition of the experiment, 


6. Mixture of Chloride, Bromide and lodide - 

First method: 

(а) Acidify a little of the prepared solution with dil. 
H,SO, or dil. HCl, add 1-2 c.c. of carbon tetrachloride (or carbon 
disulphide). .Now add strong chlorine water drop by drop and’ 
shake after cach addition: The carbon tetrachloride (or, carbon 
disulphide) layer turns violet—this "indicates iodide. Continue | 
addition of chlorine water. Violet colour dis sappears and a `` 
reddish colour appears indicating the presence of bromide, 
If iodide alone be present the. carbon tetrachloride (or carbon. 
disulphide) layer becomes colourless - after the disappearance. 


of violet colour. ` | 
N.B.—Excess chlorine destroys colour even that due to Бш аа 
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(Бу Now confirm chloride by ану one. of the following 
methods: i 

(i) Acidify a little of the prepared solution with dil. HNO;, 
boil off СО), add an excess of AgNO, solution. Filter. . 


Filtrate: Residue: 

Rejectit. | Wash with water till the washings are free from Ag* 
ions; test the washing with dilute KI (ог K,CrO,) 
solution.’ If no yellow (or red) ppt., Ag* ions have 
been completely removed. (if a yellow, or red ppt., 
repeat the process of washing). Shake the ppt. with 
4N (NH4)CO, solution and filter. 

| Filtrate: Residue: 
Add a few drops of KBr solution, a | Reject it. 
yellowish-white ppt. indicates Chloride. Or] · 
acidify the filtrate with dil. HNO;, a 
curdy-white ppt. indicates Chloride. 


(ii) Chromyl chloride test: Mix the solid sample with 
powdered K;,Cr;O; in the ratio of 1:2 by weight and take it 
in a hard glass test-tube. Now add almost an equal bulk of conc. 
H,SO, to it and warm the test-tube gently. Pass the evolved 
"deep-red gas into caustic soda solution taken in another test- 
tube. The NaOH solution turns yellow due to formation of 
alkali chromate. Acidify the solution with acetic acid and add 
BaCi, solution—a yellow ppt. indicates chromate proving thereby 


the presence of chloride in the sample. 


N.B. The experiment 6b4ii) for detection of chloride cannot be carried 
out in presence of fluoride, which yields volatile CrO;F,. Moreover, chlorides 
of Hg, Ag do not respond to this test. | 

Note that it is risky to carry out the experiment in presence of chlorate, 
which produces explosive chlorine dioxide. 

Reaction occuring jn the expt.: ч 

к„СгО; + 4NaCi+6H,S0, 5 
СОЉУ /NaHSO,--2KHSO, -3H.0 


Сэ. 1 ANSOH Na CTO: --2H;0 4-ZNaCl. 
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Second method: 


Acidify a portion of the prepared solution with acetic acid, 
boil off СО. Add CuSO, solution in excess. Filter. 


Residue: Filtrate: 


Brown in | Boil off iodine and make it faintly alkaline 

colour becomes | by addition of NaOH. Filter. 

almost white | Residue: Filtrate: 

on addition of | Pale-b lu e | Acidify a little of the filtrate with 

а little thiosul | ppr, of | acetic acid, add 1 c.c. of CCl, or 

phate solution. | о pper|CS. Now add strong chlorine 

Todide. hydroxide. | Water drop-wise and shake, 
Reject it. | when СС, (or CS4) layer turns 


brown indicating thereby the 
presence of Bromide. | 
To confirm chloride perform the 
tests as under 6(b) page 84. 


N.B. This method is advantageous for detection of bromide 
in presence of excess of iodide. 


7. Mixture of Nitrate, Bromide and Iodide 

(4) To a little of the prepared solution add a little caustic 
soda solution, aluminium powder or zinc dust and warm 
gently—in case nitrate being present evolution of ammonia 
(detected by its smell) occurs. 

(b) Perform the experiment as under Mixture по. 6 (page 83) 
with another portion of the prepared solution for detection of 
bromide and Iodide. 

N.B. Decompose the ammonium salts, if there by any 
(while examining an aqueous solution) by boiling witb NaOH 
solution before performing the test for nitrate. 

Note that nitrite also r-sponds to this test (i.e., gives off smell 
of ammonia). Don't periorm here the ring test for nitrate, as 
the liberated halogens (i.e., from bromide and iodide) interfere 
with this test. Ring test may, however, be performed after the 
removal of bromide and iodide by treating the solution with 
nitrate-free silver sulphate solution. 
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2 Mixture of Chromate and Iodide 


fittle of the prepared solution add AgNO, solution till 
on is complete. Now acidify with dil. HNO;; warm 


Filtrate: 
Neutralise the solution by adding 
NaOH solution drop-wise-red ppt. 
indicates Chromate. 


Residue : у 
Yellow ppt. indicates. 
Jodide. 


9, Mixture of Nitrite and Yodide 


Acidify a little of the prepared solution with dil. H;SO, 
and add starch solution, the solution turns deep-blue, if both 


nitrite and iodide be present. 


N.B. Note that iodide in presence of an oxidising agent 
(e.g., nitrite, chromate, etc.) responds to this test. This test is, 
therefore, not very conclusive, so far as nitrite is concerned. 
Perform other tests for nitrite. The following test may also be 
tried: Dissolve a little aniline taken in a test-tube in dil. HCl. 
Cool under tap. Now add to it the dil. solution of the sample 
(supposed to contain nitrite) under examination in portions 
cool again and add a little of this (diazotised) solution to an 
excess of alkaline solution of £-naphthol, an immediate scarlet- 
red ppt. or coloration indicates the presence of nitrite. 


10. Mixture of Boric acid and Borate 


(a) Perform the test for free boric acid in the usual way 
(see page 28). The green-edged flame indicates free boric acid. 
(b) Shake well a portion of the substance (original solid) 
with alcohol. Filter. Perform the test for borate (see page 29) 
with the residue. The green-edged flame here indicates the 


presence of Borate. 


CHAPTER УТ 


TREATMENT OF INSOLUBLE RESIDUE 
(OR SAMPLE) 


The residue left over after the treatment of the substance 
with water, acids and aqua regia (or, conc. HCI+KCIO,) in 
succession for bringing the substance in solution is described as 
insoluble. Below is given the list of insoluble substances that 
are encountered in inorganic qualitative analysis: 

(i) White—PbCl;* PbSO,,  BaSO, SrSO,, CaSO, +; 
strongly ignited oxides Al;O,, SnO,, Sb,O,1; CaF, (native), 
AgCI 5, SiO, and various silicates. 

(ii) Yellow—AgBr § (pale-yellow), AgI $ (yellow); 

(ii) Brown—Fused PbCrO,; 

(iv) Dark-grey—FeCr;O, (Chrome iron ore); 

(у) Green—Cr;O, (ignited); 

(vi) Dark-red—Fe;O,t (ignited) ; 

(vii) Bronze—SnS;. 


Scheme for analysis— 


Wash the residue well with ‘hot water and proceed as follows: 
1. Note the colour of the washed residue. 


2. Perform the Preliminary tests (for basic radicals) 
especially the following: 
(i) Cobalt nitrate test for white residue. 
Gi) Borax bead test for coloured residue. 
(iii) Flame test. 
(iv) Speciai test (fusion test) for green residue. 
(v) Fluorescent test for SnO». 

О E, БА LUN A аи De DAN 
*PDbCI, goes in solution upon boiling with water but reappears cooling, 
jThe solubility of CaSO, in dil. HCl is such as it can be detected in the 

same acid solution during the usual course of an analysis in the wet-way. 
#5640, is very slowly attacked by conc. НСІ. Both 55,0, and FeO; 
undergo dissolution by prolonged boiling with conc. НСІ. 
SSilver halides turn violet on exposure to light. 
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3. Perform only the following preliminary tests for acidic 
radicals: 
^ (i) Warming the residue with conc. H,SO,. 

(ii) Warming the residue with MnO, and conc. H;SO,. 

(iii) Special test for silicate. 

4. Examine the insoluble residue in the wet way either by 
the (a) General method or, by (6) Special methods. 


1. Colour 


As the insoluble compounds are very few in number, the 
colour of the residue gives sonis idea about the nature of the 
substance to be sought for and у act as а guide as to the 
experiments. which are to be carried out in the next step. For 
example, it is no use of performing the cobalt nitrate test, if 
the residue be coloured; but borax bead test, on the other hand, 
should be performed. 


2. Preliminary tests for basic radicals 


Perform the preliminary tests more or less in the order given 


below: 
Observations 


(a) The substance 
does not change. 


Experiments Inferences 


(ту Closed Tube Test Sulphates of Pb, 
Ba, Sr and Ca; 
А0; CaF, 
"SiO, and sili- 
cates; chrome 
iron oře and 
PbCrO,. 


(b) Yellow when 
hot, white when 
cold. 


SnO,, 55,0. 


(c) The . substance 

melts to a yellow 
| liquid | and then 
| gives a white subli- 
| mate. 


РЫСЬ 
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Experiments 


Observations 
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Inferences 


(ту Charcoal Test in | (а) White residue 


oxidising flame. 


(iii) If the original resi- 
due is white and a white 
residue is left on char- 
coal in the expt. (ii) 
above, perform Cobalt 
Nitrate Test. 


(iv) If the original in- 
soluble residue is co- 
loured and a coloured 
residue is left on charco 
-al in the expt.(ii) above, 
apply Borax Bead Test. 


(v) Subject the insoluble 
residue to charcoal re- 
duction testafter mixing 
it with МСО, and 
KCN. 


(vi) Flame test [Heat a 
little of the‘insoluble’on 
a pt.-wire, first in the 
reducing zone of the 
flame, then moisten it 
with conc. HCI by dip- 
ping the wire in the acid 
and heat again in the 
non-uminous flame.] 


(b) Brown residue 


(c) Green residue 


Blue residue 


(a) А green bead in 
both O. F. and R.F. 


(5) Bead turns 
yellow in O.F. & 
bottle green in R.F. 


(a) Malleable bead, 
which marks paper. 
(b) Bead does not 
mark paper. 


(а) Permanent 
crimson. 
(5) Brick-red 
transient. 
(v) Yellowish-green 


and 


Sulphates of Ba, 
Sr and Ca; 
АЂО,, _ Саб, 
510, and 
Silicates. 
Fe;O,, chrome 
iron ore; 
PbCrO,. 

Cr,O3. 
А1,0,,510, and 
silicates. 


Cr,O;, chrome 
iron ore; 
PbCrO,. 


. Бег О;. 


Pb-compounds 


Ag, Sn and Sb 
compounds. 
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Experiments Observations Inferences 


(vii) Microcosmic salt | A skeleton! bead 
bead test. 


ЅпО,, Silica 
and silicates 


(viii) Special test, i.e., The massturns 
oxidising fusion test, if | yellow. 

the insoluble residue be 
green in colour (see 
page 20). | 


Cr,O, 


(ix) Fluorescent test for | А fluorescence? (i.e., 
tin. Take in a small | beautiful azure 
beaker about 0:25 gm. | glow) on the outer 
of the insoluble residue, | side of the test- 
add sufficient dil. HCl | tube. 

(1:1) & a piece of zinc. 
Stir the mixture with a 
clean test tube half filled | 
with water. · Withdraw 
the test tube and hold 
it quickly in the non- 
luminous Bunsen flame. 


SnO, 


3. Preliminary tests for acidic radicals 


The anions that may remain associated with the insoluble 
residue are: 
$", SO;", SiO;", F’, Cl’, Br’, I’ and СгО,", one or more of 
which may be found in the insoluble residue. 


Notes: |. A negative result is no definite proof of. the 


' absence of silica and silicates. 

2. The test is extremely sensitive. The reagents to be used 
must be free from tin-compounds. Hence, a blank experiment 
should always be carried out with zinc and HCl to be used, 


before performing the test with unknown substance. 
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Perform the following experiments more or less in the order 


soluble with conc. 


H;SO,. 


(ii) Warming of the 
insoluble with MnO, 
and conc. Н,50,. 


(ту Silicon — tetrafluo- 
ride test (see special 


turns a drop of 
water on the glass 
rod turbid. 


Evolution of chlo- 
rine, bromine and 
iodine, having char- 
acteristic colours 
(see page 26). ` 


A wax-like deposit 
on drop of water. 


Inferences: 
Fluoride (e., 
CaF, is indi- 
cated). 


given below: 

Жз lap Oe ЛЕЛИ fe PROC CURE е ti coop лр АШЫ Е 
Experiments Observations 

(i), Warming of the in- The gas. evolved 


Insoluble 
halides(ie., 
AgCI, AgBr, 
AgI ard may be 
РЬС1„ also). 


Silicate or 
Silica. 


tests for acids, page 30). 


= ———— ———————— 


4. Examination of the insoluble residue 
in the wet-way 


Some idea about the nature of the ‘insoluble residue’ being 
obtained from the above tests, special methods (which in some 
cases of insoluble residues are cartainly advantageous) for 
analysing the same may be adopted. But in the case of a mix- 
ture of several insolubles, and, in fact, to be more systematic in 
every case, the following general method should be followed: 

Fuse the residue by mixing with 4-5 times of fusion mixture 
(or, Na,CO,-++-a few beads of NaOH) in a nickel* crucible (or 
on a mica foil, if nickel crucible be not available) to a clear 
melt. Keep the mass in molten condition for ten minutes. 
Cool and transfer into.a beaker, boil with water and filter. 


*Note that melten alkali carbonate attacks nickel crucible and nickel 


oxide is formed. This may be found in the analysis. 
N.B. Moreover, before entering into the actual procedure (fusion) lead 
and silver compounds should be looked for in the insoluble residue—a drop 


of alkaline sulphide turns them black. 
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Residue: Filtrate: 
May „contain (i)| May contain: G) acid part óf the 
some insoluble | insoluble residue as Na-salt (and. corres- 


carbonates  (carbo- 
nates of Ba, Sr, Ca 
and basic lead car- 
bonate); (ii) some 
unreacted СаЕ., 
Fe,0,, Al,O;, SnO,, 
Sb;O, etc. 

Extract with dil. 
НС, filter and 
examine the filtrate 
for metals from 
Gr. П according to 
general group 
separation table. 
[But if Pb and/or Ag 
be present, extract 
with minimum vol- 
ume of dil. HNO,. 
Filter and evaporate 
the filtrate nearly to 


ponding K-salt if fusion miature be 
employed); (ii) excess of added reagents. 
and (ii) metals of Groups II and Ш. 
Divide the filtrate into two parts. 


Examin e Examine the other portion 
one part for | for metals of Grs. П and 
anions as | Ш. But if silica or Silicates 
usual. be previously detected, 
Anions to be| acidify the solution with 
looked for; | conc. HCI, evaporate to 
S",SO,”,F’, | dryness. — Moisten the re- 
Cl’, Br’, I’ | sidue with conc. НС! and 
and CrO,”. | evaporate again to dryness, 
Repeat the process once or 
twice and bake the residue’ 
for 15 minutes. Cool and 
extract with dil. НСІ by 
warming, if necessary. 
Filter. 


dryness. Evaporate Residue: | Filtrate: 

finally on water М a у | (i) With a little 
bath, extract. with contain of the filtrate 
cold water. Examine SiO. test for SO,". 
the solution from (may be | (i) | Examine 
Group I for metals с о п- | {һе remaining 
according to general firmed | portion for 
group separation by ЧЕ, | metals of 


Grs. П and III. 


test). 


table.] 


Special Methods of treating the Insoluble Residue 


(а) Ignited SnO,. If the colour of the rssidue be white and 
tin be suspected in the preliminary tests carried out with the 
insoluble residue, the following method may be adopted: 
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Mix the residue with about 5-6 times its weight of a mixture 
of sulphur and anhydrous sodium carbonate. Take the mixture 
in a porcelain crucible; cover it with a lid and heat over a small 
flame till the excess of sulphur burns away. Cool, extract 

ith hot water and filter. Acidify the filtrate with dil. HCl, a 

©, ppt. of 515, indicates the presence of SnO, in the sample. 

Confirm tin by performing the usual tests (see Table 6, 
page 61) with this yellow ppt. | 

Reactions.—Tin dioxide on reaction with sulphur and 
Na,CO, is converted into soluble sodium thiostannate, the 
solution of which on acidification gives a yellow ppt. of SnS; 

2910, -2Ма, СО, +-9S=2Na,SnS, 1-380, 1-2CO;; 
Na;SnS.---2HCI— SnS,-I-H,S--2NaCI 


(b) PbSO., РЬСЬ: If the colour of insoluble residue be 
white and lead be previously suspected in the preliminary 
tests, treat the residue in the following way: 

Таке about 5 c.c. of a concentrated solution of ammonium 
acetate. Make it slightly acidic by adding dil. acetic acid. Ааа 
this acidic solution to a portion of the residue, shake and heat 
to about 70°С and filter. Divide the fitrate into three parts. 


Part III: 
Dilute with water 
and then add a 
solutio n of 
Ba(NOj),, when а 
heavy white ppt. 
insoluble in excess 
of HCI indicates 
Sulphate. 


. Part 1: 

Dilite much with water 
to avoid precipitation of 
silver acetate and add 
AgNO; solution—a white 
ppt. soluble in- NH,OH 
indicates Chloride. 


Part 1: 
Dilute with 
water and add 
a little KeCrO, 
solution— 
a yellow ppt. 
indicates 
Lead. 


NB. (i) Note that ionisation of Pb(C,H;O,). in presence 
of an excess of acetate ions occurs опу to a very small extent. 


The formation of lead acetate is explained by the following ' 
equation: 1 
РБ8О, - 22,40; =Pb(C.H,0,),+S0,". 
(ii) The above method is of great importance in separating 


PbSO, from BaSOs. silica, etc., which remain insoluble in 


ammonium acetate: 
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(c) Chromite (FeCr,04), strongly ignited oxides of Sn, Fe, Al 
and Cr. Sufficient indication. about the. presence of. ‘these 
substances will have been obtained from the preliminary tests 
carried out with the insoluble residue. In case any of the above 
Substances is suspected, the following method of attacking th 
residue may be adopted: 

Heat about 02g. of the substance with 5 times its weight’of . 
sodium peroxide in a nickel crucible to fusion for 20 minutes. 
Dissolve in water. Boil to destroy hydrogen peroxide and filter. 


Residue: à Filtrate: 


Brown Fe(OH). | @ If yellow. CrO;" ions present, 
Dissolve in dil. HCl. | confirm by usual tests. If colourless, it 
and .divide the | need not be further tested for. 

solution into two: 
(ii) Through another portion of the 
(i) To one portion | filtrate pass H,S and then acidity with 
add KCNS solution | very dil HCl ; a yellow ppt. indicates 
"Lab lo o d-r e d | Tin. Confirm tin by performing usual test 
coloration confirms | with this yellow ppt. (see Table 6 page 61). 


Iron. у 
(ту Boil another portion of the 


(ii) To another por- solution with 1-2 gms. of soid NH,Cl 
tion ада -K,Fe(GN), | till a faint odour of ammonia persists 
sofution—a d e e p- | —white gelatinous ppt. confirms Alumi- 
blue precipitate or | nium. 


coloration confirms 
Iron. 


(d) Tgnited oxides of Fe, Al and Cr in presence of SiOs. 
If SiO, and amy of the above-mentioned compounds be 
previously suspected in the insoluble residue, the following 
method may be followed: 3 у 

Heat. fused acid potassium sulphate preferably in a silica 
crucible (in its. absence use porcelain crucible) over a small 

As. soon as the frothing has-ceased, add the dry residue 
t 4th. of the amount of acid sulphate), continue gentle 
heating till the melt begins to solidify, then raise the temperature 
and continue heating till the melt is completely clear. Cool 
and extract with dil. H,SO,. Examine the resulting solution 


flame. 
(abou 


confirms Lead. 
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as usual for the above-mentioned cations. SiO,, if present, 
remains insoluble. 


N.B. (i) Acid potassium sulphate, when heated first 
melts and then at about 300°С loses water and is converted into 
pyrosulphate. 2KHSO,—K,S,0,-++H,0. 

Cessation of frothing indicates that this conversion of 
acid potassium sulphate into pyrosulphate is complete. Pyro- 
sulphate, when heated again, is converted into normal sulphate 
giving ой SO, which is'highly active at hight temperature. 
K,S,0,>K,SO,+SO;. When the . reaction is ^ complete, 
the melt contains K,SO, and sulphates of the above-mentioned 
metals. 3K,S,0,+Al,0;—-Al,(SO,),+3K,SO,. 

Gi) Aluminium silicate also is. often.treated by this method. 

(e) Fused PbCrO,. If the insoluble substance is brown 
in colour and if Pb and Cr be suspected: in the preliminary tests, 
then the insoluble residue, in all probability, contains PbCrO,. 
The residue. may be examined in the following way: 

Fuse the solid residue with NaOH on a mica foil (preferably 
in a nickel crucible), keep the mass in fused state for 5 minutes 
and extract with hot water. Filter and concentrate the filtrate 
to a small volume by boiling. Add an excess of conc. НСІ, 
boil vigorously and evaporate almost to dryness. Cool, dilute 
with water and filter. 


Residue: 

(White) РЬСІ, 
Dissolve by 
boiling with 
water: and add 
KCrO, solu- 
tion to it. Cool, 
—a yellow ppt. 


Filtrate: 
Warm and pass HS till saturation. Filter. 
Residue: (Black)| Filtrate: Вой off H,S from 
PbS the filtrate. Precipitate 
Confirm; if chromium by adding 
necessary, by | Gr. ША reagents. Confirm 
performing the | chromium asusual by 
usual tests carrying out tests with this - 
with this ppt, ppt. (see Table 7, p. 63). 


Reaction: When fused lead 


chromate is boiled with 
NaOH solution, .it dissolves, 


PbCrO, + 4NaOH= Na,CrO,-|Na.PbO.-|-2H,0. 
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(f) AgCi, AgBr and 41. If the insoluble residue be white or 
light yellow in colour and if silver be indicated in the preliminary 
dry test, the following method may be tried: 

Add a little dil. H,SO, to the residue. Then ddd a piece of 
zinc in such а manner so that it remains in contact with both 
acid and the insoluble mass. Warm and allow to stand for 
sometime. Filter (or pour off the acid). 


А —  —-———— 


Filtrate: 


To a portion of the filtrate 
add AgNO, solution. Ма 
white, or yellow ppt. insoluble 
in excess of dil. HNO, is 
obtained, examine the re- 
maining portion of the filtrate 
for chloride, bromide and 
iodide in the usual way. 


Residue: 


Spongy mass of metallic 
silver. Wash - with water, 
dissolve in dil. HNO;. Filter, 
if necessary, and add dil. HCl 
to the filtrate—a | curdy-white 
ppt. insoluble in excess of dil. 
HNO, but soluble in dil. 
NH,OH solution indicates 
Silver. 


N.B. By placing the silver halide in contact with zinc in 
presence of dil. acid, silver halide is readily reduced to 
metallic silver. AgX--H—AgJ-HX (where X stands for 
halogen). 


Spécimen Records of Analytical Results 


A. white powder, 


and the rest resisted all the attacks 
aqua regia. 


one part of which was soluble in dil. HCl 


by ofher solvents including 


Preliminary tests for basic radicals 


Experiments 


1. A small quantity of 
the sample was heated in 
a clean and dry test-tube. 

2. A. small portion of 
the sample was hestea in 
a cavity on charcoa! block 
in O.F. 

3. The residue was 


Observations 


No change at all 


A white residue 


Blue residue 


Inferences 


May be Al, Ba, 
Ca, Sr, Mg. 


A large variety 
of substances. 


Al-compounds, 


moistened with a drop of PO,", borate, 
cobalt nitrate and heated arsenate, 
again in O.F. silicate. 

4. Aportion of the Incandescent on | Ba, Sr, Ca, Mg, 
sample was mixed with | heating. Al, Si. 
anhydrous Na,CO, and 
heated on charcoal in R.F. 

5. Alittleofthesample | No characteris- | Cu, Са, Ba, Sr, 
moistened with conc. НС! | tic flame. etc. absent. 
was heated on pt.-wirein | ^ 
a non-luminous flame. - . 

6. A. small portion of | No characteris- | Co, Cu, Silica, 
the sample was heated on | tic change Silicates, SnO;, 
microcosmic bead. ' etc. may be 


Preliminary tests for acid radicals 


Experiments 


Observations 


absent. 


Inferences 


1. To a portion of the 
sample in a test-tube dil. 
HCl was added and 
finally warmed. ў 

2. The above expt. 
was repeated by using 
conc. H,SO, instead of 
dil. НСІ. . 


А.С.—7 


change. 


change. 


No characteristic 


No characteristic 


5,0," etc. 
absent 

Е ПСВ 
ТМО. etc. 
absent. 
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Experiments 


3. A portionofthe 
sample was warmed with 
‚ сопс: H,SO, & Мпо,. 

4. Aportion ofthe 
sample was warmed with 
conc. HSO; and copper 
turnings. 


Observations 


Inferences 


No gas or vapours 


evolved. 


No brown fumes 


кор 


Вг, Г 
absent. 


NO,’, NO,’, Br’ 
absent. 


Some special tests for acid radicals 


Experiments 


1. A portion of the 
sample was heated with 
1:1 HCl and a few gránu- 
les of zinc. А moist lead 
acetate paper was then 
held at the mouth of the 
test-tube. · 

2. A few drops of a 
solution of the sample in 
dil. HNO, was added to 
an excess of ammonium 
molybdate containing 


HNO, and finally warmed. 


3. To a paste of the 
substance with conc. 
H,SO, 1 c.c. methyl alco- 
hol wasa d ded. The 
mixture was then heated 


and the issuing gas ignited. 


4. Aportion ofthe 
sample was heated. with 
CaF, and conc. H,SO, in 
a lead basin and a pt.- 
loop carrying water was 
held over the opening of 
the lid. 


Observations 


Inferences 


No 
of lead acetate 


paper. 


A ‘canary yellow 
ppt: 


No  green-edged 
flame. 


No turbidity - 


blackening 


S" absent 


May be 
phosphate, 
arsenate. 


Boric acid, 
borate absent. 


Silica, silicate 


absent. 


99 


SPECIMEN RECORDS OF ANALYTICAL RESULTS 


“unisausD suuuoo заа oui 
-1235А1о aqm —pouojeJos sem oqni 
3591 291 jo әріѕш oy} pue uoxeus 
шәцу se^ јр ‘poppe sem. uornjos. 
"Оан?ем UOTINTOS og OF 


09598 
ѕушәшәјә 
AI-45 
чаа ON 


juosqe | эзэиезиву-—ппою> зэюм . Jo 
ѕјиәшәјә | уша ом—орзе5 ој ромоје pue 
SII-1D | зе“ чим ропрр шә) sem 
"dd ом |а] ‘omuru в moge 10} 'Ofqq 
чим 4pue3 рәпод pue “ONH 
I: [ Ul pəajossip SEA опртој 
sn jo чогтзлоа y :enpisew 


*puejs ој pomoje pue powem ‘poppe sem 
uonn[os *Q9'(HN) poejeinjes џоф pue poppe: sem 
HO'HN эми v ‘па sw Jo H/T 0} рәуециәопоо 
SBM „INY oAoqe ou) jo uoniod шеш au, 


"u3no1g) possed 
S'H pue рәшшем Apugns ѕъм 31Ј0 uoniod opj[ V NEDA 


| 

; “pay 29 ssooxo 3481$ ШІ рорре sem 
HO'HN pue Зшпод 0} роугоц se^ ojeng әц} Jo uorJod шеш oY, 'ролошол Ајојојашоо uooq sei 
ayeydsoyd зец; uneorpur—' dd моәќ ou—*[524 Jo йор ® чим рә}$ә} sem әјецу eu Jo en] v poioofow 
BEHA | :әпрүѕәҹ 


“JOY pa1o,[y pue эзпипи ? 10] ропод SEA 31 ‘еэ} 3481 V JO 1no[oo WELAI o soumsse поппјо5 IY} 11) "ош au Пе 


uonnjos JOY or 33111 әзт^\йо1р pappe sem uorin]os орџојуо элә} perjnou po1edoid Apus21j uonnos JOY əy} ОТ, "dd ony 


"ропод шоці sem 3p “poppe 
9194 әуе}әәв uriuoumur jo uorjnjos payeinies ? Jo '2'2 QZ зподе рие proe 2rjooe эзппр 272 c-Z. 'pojnjrp pue ропод se^ II 


"Anpiq m) juoueuned үүт) әѕтмдогр poppe uy} se^ НО"НМ Па 'ропод pu? poppe Sem [2"HN PHOS Jing шеш ay} оу, juosqe 
"пол jo oouosqe Y) Suruguoo uorelo[oa p21-poo[q oU—NJOS'HN YUM пол Joy | sjuouro[o 
P2}S9} sem uorjn[os $143 jo uorjod [jews reujouy — 2/2idsoifq рошлуиоз 344 mopok Атецео e—ejepq/jour um ounue qj П-29 


pəsə} SEM чоппјог snp Jo opi v 


*po]logipue pappe sem “ONH ‘ou09 jo sdo1p ^9] е јелу By} Jo uon1od шеш ou OL, “dd ом 


"uon 
-einjes || шеде passed sem SH pue S Чим pam uou) зем jr *ugnoiugj passed бен pue powem seA 
aY A jo uoniod y “juasqe әләм sjueuro[o 1-19) “8шјооо uo umop ошед 344 ou 291$ ‘змоЦоу se:jno 
рәшлео si siskjeue 41018 oy} ojen]u о) (AA ‘PAY рие [OH ‘Ир чим ропод sem э[игез оу Jo uon1od у 


“S[BIIPBA SEQ 10] 5152) PM - 


100 А TEXT BOOK OF ANALYTICAL CHEMISTRY 


Wet tests for acid radicals 


A portion of the substance was boiled with Na,CO, and 
water and then filtered. With the filtrate the following wet 
reactions were carried out: 


Experiments Observations Inferences 

1. To a little of the | No pink or violet | Sulphide 
prepared solution a few | colour. absent. 
drops of sod. nitroprus- н 
side solution was added. Ф 

2. А little of the | No ppt. Sulphate 
prepared solution was absent. - 
neutralised with dil. HCI, 

.CO, boiled off and BaCl, 
soln. added. 

3. Е No ppt. Cl’, Вг’, U 
prepar: solution was absent. 
neutralised with — dil. У 
HNO,, CO, boiled off and 
AgNO, solution was 
added. 

4. Ap ortionofthe | No blood-r e d | Thiocyanate 
solution was acidified | colour but а | absent. 
with dil. HNO, СО, | уеПом ppt. | May be 
boiled off. NH,OH | insoluble in dil. | phosphate. 


was then added to make | HAc. but soluble 
the solution just alkaline, | in dil. mineral 
the excess ammonia was | acid came down. 
then boiled off. To the 
neutral solution a freshly 
prepared dil. soln. of 
FeCl, was added. 


Confirmation of the suspected acid 


To a portion of Ма. СО, extract dil. HCl was added till faintly 
acid and CO; boiled off. The solution was then made alkaline 
by adding NH,OH. Ехсезу of magnesia mixture was added to 
it and let stand for a few minutes and filtered. 
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Filtrate: Residue: Washed with water, dissolved. in 
Acidified with | dil. НСІ, H,SO, added, the excess of which 
dil. HCl & H,S | was boiled off. H;S was then passed. 

was passed— : 

no yellow ppt. | No ppt. | HS was boiled off. Conc. HNO; 
—atTsenite| arsenate | was added and a few drops of it 
absent. absent. was added to an excess of ammon. 
molybdate s о lu tio n-containing 
2-3 с.с. conc. HNO,. The mixture 
was shaken and finally warmed 
—a canary yellow ppt. confirms 
Phosphate. 


HCl-soluble portion of the sample therefore contains Mg!* as basic 
radical and PO,” as acid radical. 


Treatment of insoluble residue 
The residue was white in colour. $ a 


Preliminary tests for hasic radicals 


Experiments Observations Inferences 


White residue May be sul- 
phates of Ba, Sr 
& ; А10», 
CaF,, SiO, and 
silicates. | 

A1,0;, SiO, and 
silicates. 


1. А portion was 
heated on charcoal in 
O.F. 


2. Theresidue was | Blue residue 
moistened with a drop of 
cobalt nitrate and heated 
again.in O.F. К 

3. А little of the |.No characteristic- 
residue was first heated on | colour. 
pt. -wire in the reducing 
zone of the flame, then 
moistened with conc. HCl 
and heated again in the |- 
non-luminous flame. 
. 4. A portion of the | No fluorescence 
insoluble residue was 
treated with 1:1 HCl 
and zinc. The mixture was 
stirred with a test-tube 
half filled with water. The 
test-tube was then quickly 

` held over a non-luminous 
flamc. 


Ba, Ca, Sr 
absent. 


A-bsence of 
SnO,. 
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Preliminary tests for acid radicals 


No characteristic 


Inferences 


1. Warming of the in- F' absent 


- soluble with conc. Н,50,. | change. 
. 2. Warming of the | № gasor vapours | Cl’, Вг, I’ 
insoluble with MnO, and | evolved. absent. 


conc. H;SO,. 
3: Silicontetra 


Silica, ` Silicate 
fluoride test (as already 
described). 


absent. 


No turbidity of 
water drop. 


Hence the insoluble residue із in all probability Al,O;. 
Wet tests 


This insoluble residue was heated to fusion with 5 times 
its weight of sodium peroxide in a nickel crucible. It was then 
treated with water, boiled and filtered. A portion of the filtrate 
was then boiled with solid МН,СІ till a faint odour of ammonia 

` persists—a white gelatinous ppt. confirms Aluminium. 
the insoluble residue is Al,O, 
Hence, the composition of the sample: 
Mg,(PO,)>, А10). 


-d 
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A black powder, one part of which was soluble in water and 
the rest in conc. НС] on prolonged boiling. 


Preliminary tests for basic radicals 


Experiments 


1. A small portion of 
the sample was heated in 
a clean and dry test tube. 


2. A small portion of 
the sample was heated in 
a cavity on charcoal block 
in O.F.. 


3. Aportion of the 


“sample was па x e d with 


anhydrous Na,CO, and 


heated on charcoal in R.F. 


4. A little of the 
sample was heated on 
borax bead first in oxidis- 
ing and then in reduc- 
ing flame. 


5. A little of the 
sample moistened with 
conc. HCl was heated 
on a pt. wirein a non- 
luminous flame. 


6. Fusion test for Mn 
& Cr was carried out with 
NaOH and KNO,. 


The solutionofthe 
green mass in water was 
acidified with dil. HNOs. 


The substance 
got fused. 


Decrepitation 
occurred. 


No characteristic 
change 


Amethyst violet 
in OF. but 
colourless in 
В.Е. 


Light violet in 
.naked eye but 
intense violet red 


through 
glass. 


А green mass 


`А pink colour 


developed. 


blue 


Inferences 


May be com- 
pounds of alkali 


'and alkaline 


earth metals. 


Bromides, 
iodides, etc. of 
alkalis, crystal- 
line salts, etc . 


May be Mn 
compounds. _ 


Potassium 
compound. 


Mn compound 


104 


А TEXT BOOK OF 


Preliminary 


Experiments х 


ANALYTICAL CHEMISTRY 


tests for acid radicals 


1. Aportion ofthe | No 


sample was treated with 
dik НСІ first in the cold 
and then on warming. 

2. The above expt. 
was repeated by using 
conc. HSO, instead of 
dil. HCI. 


3. Asmall portion of 
-the sample was warmed 
with conc. H,SO, and 

MnO,. 
4. Азта Прог#оп of 


Observations Inferences 
change] CO,’, 50,", 
5,03". etc. 
absent. 
A reddish brown | May be Br’, 
gas evolved. NO,’ and NO,'. 
The evolved | May be Br’ 
gas turned CS, А 
brown. 
Evolution of red- | Мау be Вг’ 
dish brown gas. = 
Evolution of| May be NO,’. 
brown fumes. NO,’, Br’. 


the sample was warmed 
with conc. H,SO, and 
copper turnings. 


Some specia 
Experiments 


1. Aportio n of ће 
sample was heated with 
1:1 HCl and a few granu- 
les of zinc. A moist lead 
acetate paper was held at 
the mouth of the test-tube. 

2. Afewdropsofa 
solution of the sample in 
dil. HNO, was added to 
ап excess of ammon. mo- 
lybdate containing HNO, 
and. finally warmed. 

3. To a paste of the 
substance , with conc. 
H,SO, 1 cc. methyl 
alcohol was added. The 
mixture was then heated 

and the issuing gas ignited. 

4. Aportion of the 
sample was heated with 
CaF, and conc. H,SO, in 
a lead basin and a pt.-loop 
carrying water was held 
over the opening of the lid. 


1 tests for acid radicals 
Observations = Inferences 
No blackening | S"—absent 
of lead acetate : 
paper. 
No yellow | Phosphate, 
ppt. arsenate 
Х absent. 
No  greenmedged | Boric acid, . 
flame. borateabsent. ' 


Silica and 


No turbidity of 
Silicate absent. 


water drop. 
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Analysis of НСІ extract 


The residue left over after the treatment of the sample with 
water was dissolved in conc. НСІ by prolonged boiling. 
The solution was cooled and diluted with water. 


No. ppt. | Alittle of the solution was warmed and H,S was passed through 
Gr.-1 till saturation. 

elements 

absent To the main bulk of the solution solid NH,Cl 


was added and boiled. Dil NH,OH was then added 
dropwise till ammoniacal. 


No. ppt. Тһе solution was'warmed, H,S passed 
Сг.-ША | through and filtered. 
elements 


absent Flesh col- 
oured ppt. 
Gr.-IIIB 
elements 


present 


Filtrate: у 
Acidified with HAc. . 
H.S was then boiled off 
and the solution concentrated 
to 1/4 of its bulk. A little 
NH,OH was added and a 
saturated · solution of 
(NH,),CO, added in excess, 
warmed, allowed to stand. 


No ppt. 
Gr.-IV 

elements 
absent 


To the solution 
магНРО, solution 
was added. It was 
then. shaken and 
the inside of the > 
test-tube scratch- 
ed. No precipitate 
indicating absence 
of Mg** 


Treatment of ПІВ ppt. 
Тре ppt. was washed and treated with dil. НС! (1 : 10). 


No residue: H,S was boiled off from the solution.. It 
Nickel and | was then cooled and treated with an excess of 
cobalt| NaOH solution and filtered. 

absent 


Filtrate: Residue: 
Through the (i) It was dissolved in 1:1 
filtrate H,S | HNO, and about 1 gm. of РЬ,0, 
was passed. | added. It was boiled for a 
—No ppt., | minute, diluted with water and 
zinc „absent. allowed to stand—a pink colour 
confirming the presence of 
Manganese developed. 

(ii) Oxidising fusion test 
—Manganese. 
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Wet tests for acid radicals : Examination of 
water extract 


No heavy metal being present in water extract it was directly 
analysed. „ 


1. A little of the water | № violet absent 
extract was made alkaline | coloüration. У 
with NaOH solution and 
a few drops of sodium 
nitroprusside added. 


2. A little of the water 
extract was acidified with 
dil HCl and then 
BaCl], solution added. 


SO," absent 


3. А portion of water | А pale yellowish | May be Br’ 
extract was acidified with | ppt. soluble in ex- 
dil. -HNO; and then | cess of NH,OH. 
AgNO, solution added. 


4. Ring „test with | Brown ring | Br’, МО, МО," 
FeSO, solution and conc. | at the junction 
H,SO, was performed. | of liquid layers. 


5.Aportionofthe| № smell of | NO,’, NO,’ 
aqueous solution was | ammonia. —absent. 
warmed with NaOH and 
aluminium. powder. 


6. A portion of water | Carbon tetra- | Br’ confirmed 
extract was acidified with | chloride layer 
dil. H,SO, and 1 c.c. of | turned ` reddish- 
CCl, added. Chlorine | brown. ` 
water was then added 
in drops arid the test-tube 
shaken after each addi- 
tion. 


7. To a little of water | № red colora- Thiocyanate 
extract FeCl, was added. | tion. absent. 


Examination of acid in water-insoluble portion 


A portion of the sample which remained undissolved in 
water was boiled with water and sodium carbonate and then 


108 А TEXT BOOK OF ANALYTICAL CHEMISTRY 


filtered. With the filtrate the following wet reactions were 
carried out: у 


Experiments Observations Inferences 


1. To a little of the 
prepared soln a few drops 
of sodium nitroprusside 
solution was added. 


No coloration S" absent 


2. А little of the. 
prepared solution. was 
acidified with dil. НСІ, 
CO, boiled off and BaCl, 
solution added. 


SO,” absent 


Cl’, Br’, Т’ 


3. A portion. of the 
absent. 


prepared solution was 
acidified with dil. HNO,, 
CO, boiled off and AgNO, 
solution added. 


4. A portion of the | No ppt. Phosphate, 
prepared solution was No red colour. thiocyanate 
acidified with dil. HNO, absent. 
and CO, boiled off. The 
solution was then 
neutralised with NH,OH 
and FeCl, solution was 
added in drops. 


Conclusion: In water-soluble portions of the sample there 
was only potassium as basic radical and bromide as acidic radical. 
Hence, the water-soluble portion was potassium bromide. 


In water-insoluble portion of the sample there was 
manganese as basic radical. No acid radical being found 
Manganese was present probably as oxide. Moreover, the 
sample was black in colour and on heating the sample with conc. 
НС! a greenish-yellow gas having irritating smell and blueing 
starch-potassium iodide paper evolved. Hence, the .water- 
insoluble portion was manganese dioxide. The sample was 
therefore a mixture of KBr and MnO,. 


PART II 
ORGANIC QUALITATIVE . 
ANALYSIS 


EXAMINATION OF ORGANIC COMPOUNDS - 
1. CLASS DETERMINATION 


CHAPTER 1 
SCHEME 


The first step in qualitative organic analysis is to ascertain 
the constituent elements present in the compound supplied. 
Organic compounds must always contain carbon. Hydrogen 
and oxygen are often present as constituents of an organic com- 
pound. Besides the. above elements, an organic compound 
may contain one or more of the following elements: Nitrogen, 
halogens (chlorine,- bromine and iodine), sulphur, phosphorus, 
arsenic, magnesium, etc. But carbon, it should be noted, is to 
be tested for only when a compound is not definitely known 
to be organic. Evidently such a case does not arise here. The: 
test for hydrogen is not worthwhile, as the detection is time- 
consuming and the few common organic substances that contain 
no hydrogen present no special difficulty in detection. The 


presence of oxygen is usually. inferred by the recognition of 


functional groups, e.g., Sco, —OH, —СООН etc. Hence 


considering the above facts and keeping in view the limitations 
of the syllabus, nitrogen, sulphur and halogens only are to be looked 
for. у 

The next step is to detect the functional groups (i.e., groups 
which determine the chemical behaviour of a compound) present 
in the compound. 


Hence the qualitative analysis (as per syllabus) of an 


organic compound involves: 


1. Detection of elements: such “as nitrogen, sulphur and 
halogens (chlorine, bromine and iodine). 

2. Detection of functional groups e.g,—OH, —COOH 
etc. : 


à 


CHAPTER II 
DETECTION OF ELEMENTS 


А. 


Take a pea-size piece of clean sodium т a clean and dry 
ignition tube and carefully heat over a flame to melt it. Now 
add in portions the substance under investigation over molten 
sodium. Heat the tube again very strongly till red hot. 
Carefully- immerse the tube into 20 c.c. distilled water, taken 
in a porcelain mortar; break the tube by tapping, if necessary. 
Grind up the broken glass pieces and the fused mass thoroughly 
with a pestle. Filter the mixture and perform the following 
experiments, taking a portion of the filtrate at a time. 


Lassaigne's method: 


(i) To a portion of the | A black ppt. ` 
filtrate add a few drops of May be sul- 
freshly prepared. ferrous! pbur. 
sulphate solution. 
Should no black ppt. | A deep*-blue ppt. 
appear, boil the mixture | or coloration. Nitrogen 
for about a minute (but if | - 
a black ppt. appears, add 
a little more of ferrous 
sulphate solution and 
then boil), cool, acidify 
with conc. НСІ and then 
ада one or two drops of 
ferric chloride solution. 
ii) To a little of the | Aviolet 
ARSE: add a drop of | coloration ы 
freshly prepared sodium | (transient). 
nitroprusside solution. 
(iii) Acidify а little of | А white* ог | Chlorine, Bro- 


the filtrate with dil. HNO, 
and add AgNO, solution. 


NB. If either 
Бойз a portion 


then cool before 
of AgNO: solution. 


yellow ppt. mine and Jo- 
dine (o n e or 
more than one 


elements). 


nitrogen| , 
hur (or both) be present, 
RTT of the filtrate 


i of dil. HNO, and 
with an excess. Ека dition 
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Experiments Observations Inferences 
(iv) If a ppt. be obtain- | The ССІ, (ог 
ed in expt. -(iii), acidify | CS.) layer 
strongly a little of the | turns— 
filtrate (obtained {тот | (а) violet; (a) Iodine 
sodium fusion) with dil. | (b) brown ог | (b) Bromine 


H,SO, or dil. HCl; add 
1-2 c.c. of CCl, (or С5,). 
Now add. strong chlorine 
water drop by drop and 
shake after each addition. 


If CCl, (or CS;) layer 
be violet, continue addition 
of chlorine water dropwise 
and shake after each 
addition. 


(0) If no violet or 
brown colour be developed 
in expt. -(iv) treat the ppt. 
obtained in expt. -(iii) on 
addition of AgNO, solution 
with dilute NH,OH 
solution. 


М.В. For detecting chlorine 
in presence of other halogen ele- 
ments perform the ‘additional 
tests’ described towards the end 
of this chapter. 


reddish-brown. 


(а) Violet 
colour dis- 
appears and 
a reddish- 
brown colour 
appears. 


(Б) CCl, (ог 
CS) layer 
becomes 
colourless after 
the disappear- 
ance. of violet 
colour. 


(с) No violet 
ог brown 
colouration at 
all. 


The ppt. rea- 
dily dissolves. 


Both iodine 
and bromine. 


Iodine but no 
bromine. 


May be 
chlorine. 


Chlorine 


p —————————————— 


A. C.—8 
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B. Middleton's method (alkali zinc test): 

Mix pure zinc dust with about half its weight of pure and 
anhydrous sodium carbonate. Place a little of the solid® organic 
substance under investigation inside an ignition tube. Cover 
it up with a layer of (about 3 cm. thickness) the prepared mixture. 
Shake the tube well after fitting it up with a cork. Remove the 
cork and add a little of the mixture (Na,CO,+-Zn dust) again, 
start heating from the upper portion and extend gradually 
downwards. Heat at first gently and then strongly till the tube 
becomes red hot. Now plunge the tube into 20.c.c. distilled 
water contained in a mortar. Grind up the broken test-tube 
and filter. Examine the filtrate for nitrogen and halogens as 
described under Lassaigne's method. In order to test for 
*sulphur', treat the residue that remains on the filter paper with 
dil. НСІ. If sulphur be present, H;S (characterised by rotten 
egg-like smell) is evolved. 


C. Beilstein’s test for halogens: 

Heat a piece of stout copper wire in the non-luminous Bunsen : 
flame until it ceases to colour the flame green. Allow it to 
cool and then touch the substance with the end of the wire and 
heat араш in the flame. A green colour of the flame indicates 
the presence of halogen’. 


Notes on detection of élements 


1. Ferrous sulphate solution: 

Wash a few crystals of ferrous sulphate with water and then 
dissolve the washed crystals in water. 

2. Reactions occurring in the detection of elements: 

During fusion nitrogen, of the organic compound combines - 
with carbon and sodium to give sodium cyartide, while sulphur 
and halogens, if present, combine with чш giving spdium 
. sulphide and sodium, halide respectively. ( 

Na+C+N = NaCN 
2Na+S Na,S 
Na+X . Мах 
(Where X — a halogen atom) 
The excess of sodium left over reacts with water giving 


NaOH. 


A d 
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The cyanide, sulphide and halide thus formed undergo 
reactions’ characteristic to: each of them (with the added 
reagents) under the experimental conditions stated. 

(i) NaCN on boiling with ferrous hydroxide (obtained from 
ferrous sulphate and caustic soda) gives sodium ferrocyanide, 
which in acid medium reacts with ferric chloride yielding a 
deep-blue colour or precipitate. 

6NaCN--Fe(OH),— Na,Fe(CN),4-2NaOH 
4FeCl,-+3Na,Fe(CN) «=Fe,[Fe(CN) «]3+12NaCl 
Prussian blue 


(ii) NaS (obtained from the reaction between metallic 
sodium and sulphur of organic compound) reacts with sodium 
nitroprusside in alkaline medium yielding a transient violet 
colour. s 

Nas[Fe(CN);NO] --Na;S —Na,[Fe(CN);NOS] 
Sodium nitroprusside у 


Note that a blood-red colour instead of prussian blue may 
sometimes be observed in the test for nitrogen. This is due 
to formation of thiocyanate, which indicates the presence of both 
nitrogen and sulphur in the organic sample. 

(ii) Sodium halide ‘оп reaction with silver nitrate in 
presence of HNO, gives the characteristic ppt. of silver halide. 

у NaX4-AgNO;—AgX--NaNO; 

(Where Х= a halogen atom) 

3. If either nitrogen or sulphur (or both) be present 
boiling of sodium extract with ап excess of dil. HNO, is 
essential'in order to drive away НСМ or H,S (or both) as the 
case may be. Avo 


4. Additional tests : Detection of chlorine in presence of . 


. bromine and iodine. 


(а) Wash the ppt. obtained on adding AgNO, solution 
with small quantities of water at a time (Ша drop or two of 
the washings give no longer any red ppt. with K,CrO, soln. 
taken in a test-tube). Now treat the ppt. with 4N (NH,),CO, 
solution by shaking and then filter. Add a little of KBr solu- 
tion to this filtrate—a pale yellow ppt. indicates chlorine. 
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(b) A simpler method than above is: Shake up the precipi 
tated silver halides with 4N (NH,).COs, filter and acidify the 
filtrate with dil. HNO,—a curdy-white ppt. indicates chlorine. 

(c) Reagents: 100 c.c. of aqueous saturated solution of 
aniline + 20 c.c. of aqueous saturated solution of toluidine+20 
c.c. glacial acetic acid. 

Boil-in:a test-tube a portion of the filtrate (obtained from 
sodium fusion) with PbO, and 2N acetic acid, when bromide 
and iodide, if any, break up and Br, and T, go out. Heat the 
residual solution from this operation with зона KMnO, 
and (4N) H,SO, in.a test-tube. А drop of the reagent held 
at the mouth turns violet indicating the presence of chloride and 
hence chlorine in the original sample. 

N.B. Bromine gives a white bromo derivative, while iodine 
does not react. ] . 

5. If the original sample be a liquid, to 1 cm. layer of 
alkali zinc mixture in a tube add a few drops of the liquid. and 
then cover it up with a further quantity of the reagent, which 
extends to within about 14 cm. of the mouth of the tube and 
proceed as usual. 

6. This test is very sensitive. Several substances containing 
no halogen may also impart green colour to the flame. So the 
test is not a confirmatory one. However, that the halogens are 
absent may be said with a certain amount of certainty, if the 


flame is not coloured green. 


CHAPTER III 
DETECTION OF FUNCTIONAL GROUPS 


When the sample does not contain nitrogen, follow the 
procedure (A) and when the sample contains nitrogen, follow 
the procedure (B) in order to detect the functional groups in the 


compound. 

А. Compounds cóntaining no nitrogen: 

In such a case the compound may contain one or more of 
the following groups: -OH (phenolic or alcoholic); »c-o 


(carbonyl, —aldehydic and ketonic); —COOH (carboxyl) and 
—COOC,Hs (ethyl ester or carbethoxy group). Perform thé 
tests in the order given below : 


Experiments Observations Inferences 


(2) Note the colour 
and odour! of the sample. 


(b) Burn a portion of | Sooty flame Aromatic 
the sample on а nickel compounds. 
spatula (or, on a porcelain 
crucible). 


(с) Shake a portion of | (i) Acidic to- | (i) Acids апа 
the substance with a little | wards litmus. acidic subs- 
water in a test-tube and tances such as 
test the resulting sus- some phenols, 
pension or solution with easily hydroly- 
litmus paper. sable esters. 


(ii) Neutral to | (ii) Alcohols, 
litmus. carbonyl com- 
| pounds, esters. 


(d) Shake a little of | The substance | May be phe- 
the substance with @'. | dissolves. nols and carb- 
solution of NaOH (5-107) oxylic acids. 
in a test-tube and warm. 
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Observations 
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Inferences 


(6) Shake a portion 
of the substance with a 
littlé water; add a drop of 
neutral FeCl, solution to 
the resulting solution or 


suspension and note 
immediately? the change 
that might have taken 
place. 

(f) Repeat the — above 


expt. by adding a drop of 
neutral FeCl, solution to 
an alcoholic solution of the 
substance. 


N.B. See also the ‘addi- 
tional tests’ given towards 
the end of this chapter for 
detection of phenolic com- 
pounds. 


(g) Sprinkle solid 
NaHCO; on aqueous solu- 
tion of the sample. But if 
the sample be insoluble in 
water, sprinkle the solid 
sample оп NaHCO; solu- 
tion. 


(h) Add а little (0:05— 
0:1 gm.) of the sample to be 
tested to about 3 c.c. of a 
saturated solution of 2 : 4 
dinitrophenylhydrazine in 
HCl. Shake, and if no pre- 
cipitate appears imme- 
diately, gently heat to boil- 
ing and continue heating 
the mixture for 2-3 minutes 
by immersing in a 
boiling water. Allow it 
to stand for five minutes. 
Should no ppt. appear, add 
water dropwise and scratch 
inside of the tube till turbid, 
warm till turbidity dis- 
appears, cool and allow to 
stand. 


bath of |. 


(i) Violet, blue 
or green colora- 
tion (perma- 
nent or transi- 


ent). 

(ii) Reddish col- 
oration or pre- 
cipitate. 


Violet, blue or 
green. colora- 
tion (perma- 


nent or tran- 


sient). 


Effervescence3 


Yellow, orange 
or a red ppt. 


Phenolic сот- 
pounds (pheno- 
lic —OH gr.). 


Some. carboxy- 
lic acids. 


Phenolic com- 
pounds (pheno- 
lic —OH gr.). 


Carboxylic acids 
(—COOH gr.) 


Carbonyl4 
compounds 


усо gr. 
(aldehydic 


and/or ketonic 
groups). 
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Experiments Observations Inferences 


| 


ae RS ы iE 


[If по characteristic ppt. 
appears even then, dissolve 
a little of the sample in 
minimum volume of 
alcohol by heating just to 
boiling. Add a portion of 
this solution to about 3 c.c. 
of а saturated alcoholic 
solution of 2 :4dinitro- 
phenylhydrazine and 
proceed as before.] 


N.B. Sometimes simply mix- 
ing of the sample with the solu- 
tion of 2 : 4-dinitrophenylhydra- 
zine by shaking may lead to the 
formation of above coloured 


ppt. 

(i) Take in а test- A crystalline | Carbonyl com- 
tube equal amounts of | ppt. pounds 
semicarbazide ^ hydrochlo- УСО gr. 


ride and sodium ace- ; 
tate. Dissolve it in mini- (a Lte ET 
mum quantity of water by andforaiketonic 
heating. Now add a little groups). 

of the original sample and i 
shake. If the mixture is 
turbid, add alcohol until a 
clear solution is obtained | 
and: shake. If no ppt. 
comes down, warm it on 
water-bath for а few 
minutes and then cool. 


Distinction between an 
aldehyde and a ketone: 

ТЕ a carbonyl group in a 
compound be detected, then 
it may be either an aldehyde 
or a ketone, i.e., the car- 
bonyl group may be present 
either as an aldehydic gr. 
(—CHO) or-as а ketonic 


R Я 
group ( ®\c=0) Differ- 


entiation between the two 
may be made by performing 
the following tests: 
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Experiments Observations Inferences 


Development of | aldehyde. 


(i) With Schiff's reagent: 
pink colour. 


To 2 or 3 c.c. of Schiff's 
reagent add a little of the 
original sample. Shake well 
and allow to stand for two 
minutes. ў 


М.В. Don'theat the mixture 
Development of pink colour is 
slow in the case of aromatic 
aldehydes, Besides, a number of 
aromatic aldehydes, vanillin for 
example, do not respond to this 
test at all. Some ketones though 
respond to this test, the reaction is 
very very slow. Note that Schiff’s 
reagent is magenta solution, 
which is rendered colourless by 
sulphur dioxide. 


(ii) Tollen’s reagent: Мах | Formation of а | aldehyde. 

. 1с.с. each of AgNO, solu- | mirror of silver | [R-CHO-+ Ag,O 
tion and NaOH solution. | or a grey or a| =R-COOH + 
Now ада NH,OH dropwise | brown ppt. - 2Ag.] 
with shaking! till a clear : 
solution is just obtained. 
This solution is known as 
Tollen’s reagent. Add a 
little of the substance under 
examination to Tollens 
reagent. Shake and warm 
by placing the test-tube in a 
beaker of boiling water. 


of aldehyde. culo 


[R-CHO+ CuO 
=R-COOH + 
Cu,0.] 


(iii) Fehling's solution : 
Mix equal volumes of 
Fehling’s solution no. 1, 
and no. 2. Add a little of 
the substance under investi- 
gation to the mixed solu- 
tion taken in a test-tube 
and then warm. 


If the above tests for an 
aldehyde be negative, then 
the carbonyl compound is a 
ketone (i.e. it contains a 


ketonic group). 
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N.B. Note that aromatic 
aldehydes do not reduce alkaline 
copper salt. 


Of course, Fehling's and 
ammonical silver nitrate are 
readily reduced by a-hydr- 
oxyketones, i.e., having the 
grouping —CH(OH)CO-. 


(j) Take about 
the sample in a dry test- 
tube, add a mixture of 4 
c.c. acetic anhydride and 
two drops of conc. H;SO,. 
Warm on water-bath and 
then pour the contents into 
about 15 to 20 c.c. of water 
in a beaker. Stir well. 


pleasant smell), 
which floats on 
water. 


(К) Ferric hydrox- 
amate test: Take a very 
small portion of the sample 
in a test-tube; add 2-3 
drops of' a saturated solu- 
tion of hydroxylamine hy- 
drochloride їп methyl 
alcohol. Now add in drops } 
а saturated solution of | A violet, red or 
KOH in methyl alcohol till | а pink colour. 
the mixture is alkaline to 
litmus and heat over a very 
small flame just to boiling. 
Cool and acidify with nor- 
mal НС! and add a drop or 
two of 1% solution of 
FeCl. 


о 


(у Hydrolysis: and 
distillation: Take about 
1-2g. of the substance in a 
100 c.c. flask and add 25 
c.c. of (5N) NaOH. Reflux 
the mixture until the es'er 
layer disappears. Cool and 
add 10 cc. of water 
through the condenser. 
Now distil; the alkaline 
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Inferences 


lg. of | A ppt. or for- | Alcoholic 
mation of а se- | phenolic com- 
parate liquid | pounds (—OH 
layer (having a | group). 


Ester® 


(—COOR). 


or 
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Observations Inferences 


mixture and collect about 
10 c.c. of the distillate in a 
test-tube. With the distil- 
late perform the Iodoform 
test: 


To a little of this dis- 
tillate in a test tube add a 
solution of iodine in 
potassium iodide .till a 
dark-brown colour 
develéps. Warm a little 
and add a dilute soln. of 
NaOH drop. by drop till 
the mixture is almost 
colourless. Now cool the 
tube under a tap. 


(m) Xanthate test: 
Take in a clean and dry 
test tube a little of” the 
original sample and finely 
powdered KOH ap- 
Кошлар їп {һе тайо оЁ 
1:10 by weight; watm a 
little. Now cool and ада 
5-6 drops of ether and 
3-4 drops of CS, Shake 


the mixture (i) for about 5. 


minutes; (ii) now add 5-4 
drops of 1% ammonium 
molybdate solution, shake 
very gently and acidify 
with (2N) H,SO, Add 
‘about 10 drops of chloro- 
form and shake. 


Ethy 1 ester 
(—COOC;H; 
group). 


A character- 
istic odour of 
iodoform with- 
out or with a 
yellow’ ppt., de- 
pending upon 
the amount of 
alcohol present 
in the distillate. 


Alcohol® 
(Alcoholic 


(Г Ayellow 
ppt. 


—OH gr.) 
(ii) The chloro- | Alcohol* 
from layer | (Alcoholic 
becomes violet | —OH gr.). 


or reddish-blue. 


B. Compounds containing nitrogen: 


In such a case the compound under examination may 
contain one ог more of the following groups: — №, —NH,, 


—CONH. 


Perform the following experiments in the order 


given below for detecting the group or groups present: 
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Experiments 


Observations 


123 


Inferences 


(a) Note :the colour! 
and odour of the sample 
(b) Shake а little of 


the sample with water in a 
test-tube and test | the 
resulting solution or 
suspension with litmus 


paper. 


(c) Shake a little of 
the sample with dil. НСІ in 
a test-tube. 


(4) To a portion of 
the sample in a test-tube, 
add conc. solution of 
NaOH. Observe the effect 
first when cold, and then on 
heating. 


Acidic 


Neutral 


Alkaline 


Substance ori- 
ginally slightly 
soluble or inso- 
luble in water 
but dissolves in 
dil. HCI. 


(i) Separation 
of oily layer. 


(ii) Аш m o- 


niacal fishy 
odour. 

(iii) Ammonia- 
cal** odour;— 
turning mer- 
curous nitrate 
paper black; 


and forming 
dense white 
fumes when a 
glass rod mois- 
tened with HCl 
is held at the 
mouth. of the 
test tube. 


Amine salts? 


Many aroma- 
tic amino com- 
pounds, Amides 


| Amines 


(aliphatic and 
some aromatic). 


Basic subs- 
tances (eg, 
Amines). 


(i) Amine salts 


(ii) Salts of 
lower aliphatic 
amines. 


(ii) Amides*, 
Ammonium salts 
of organic acids. 


* In absence of ammonium salt this stands as a sufficient proof for the 


amido group- 


Besides, in case of an amide ammonia is evolved only oD 


heating. However, as ammonia may escape unnoticed, it is advisable to 
use a comparatively large quantity of the sample in the expt. 
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Experiments ) Observations Inferences 
Gv) The origi- Gv) May be 


(е) Carbylamine 
reaction: Dissolve 3 rice 
grain of solid NaOH in 
2 c.c. alcohol taken in a test- 
tube. Now add a little of 
the original sample, two or 
three drops of chloroform 
and warm gently.. 


(f) Diazo reaction 
and coupling: Dissolve 
a little of the sample in 
dil НСІ, cool and add т 
‘portions a cold aqueous 
solution of sodium nitrite. 
Cool the solution again 
and pour a little of it into 
an excess of cold alkaline 
solution of £-naphthol. 


(2) Mulliken and 
Barkers tests: Dissolve a 
little of the substance in 
3 c.c. 50% alcohol. Now 
add a little solid NH4CI (or 
5 to 6 drops of 10% CaCl, 
solution) and a pinch of 
Zn-dust. Heat till а 
vigorous reaction starts. 
Allow to stand for about 
five minutes and then filter 
into ammoniacal AgNO, 
(10%) solution in a test- 
tube. 


nal substance 
is usually 
yellow, . orange 
or red and the 
solution be- 
comes intensely 
yellow, orange 
or red coloured. 


A. characteristic 
obnoxious!’ 
odour. 


An immediate 
brilliant scarlet 
red precipitate 
or colorai ont, 


A black or grey 
ррі.1° 


nitro com- 
pounds (—NO, 
вг.) 


Aliphatic or 
Aromatic 
amino compds. 
(—NH; рг). 


Aromatic 
amino com- 
pound (Aroma- 
tic--NH, group) 


Aliphatic ог 
Aromatic nitro . 
compounds 

(—NO, group). 
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Experimemts Observations Inferences 


(A) In case the — МН, 
gr. is absent (as found Бу 
expts. e. & f; described in 
page 124), take a little of 
the sample in a test-tube, 
add 1 c.c. of conc. НС! апа 
a few pieces of metallic tin. 
Boil for a minute or two, 
cool under tap. Decant the 
supernatant liquid. Divide 
the liquid in two portions: 


(i) To a little of опе | (i) A character- | —NO, _ group 
portion add about 2 c.c. of | istic obnoxious | (Aliphatic ог 
strong alcoholic КОН, 2-3 | odour. Aromatic). 
drops of chloroform and 
then warm. 


(ii) To another portion | (ii) A brilliant | Aromatic nitro- 
add in portions an aqueous | scarletred|compds. 
solution of sodium nitrite. | ppt. or colo- | (A ro matic 
Cool again and ада a little | ration. — МО, group). 
of this solution to an excess 0 
of cold alkaline 8-naphthol 
in a test-tube. 


М.В. и may so happen that in nitrogenous compounds 
nigrogen containing functional groups, i.e., — МО, — МН, and 
—CONH, may not be present. Hence if nitrogen be detected in 
the.sample, follow the procedure (B) first and if no positive 
result is obtained thereby, then follow the procedure (А) for 
detecting the functional groups. And, in fact, in every 
case, to be more systematic, the compounds containing 
nitrogen (whether the —NO,, —NH, and/or —CONH, groups 
are present or not) should always be examined by following 
the procedure (А) in order to show the presence or absence of 
groups other than —NO;, —NH, and —СОМН,. 
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SOME ADDITIONAL TESTS FOR DETECTION OF 
; FUNCTIONAL GROUPS 


A. Phenolic—OH gr. : 


(i) Back dye tests: Take one or two drops of aniline in а 
test-tube and dissolve it in dil. HCl. Cool under tap. Add 
a dilute aqueous solution of sodium nitrite in portions. Cool 
again. Add a few drops of this diazotised solution to an 
excess of alkaline solution of the sample—an immediate 
brilliant scarlet-red ppt. or coloration indicates the presence 
of a phenolic —OH group. ' 

(8) Liebermann's reactions: Take in a dry test-tube 
about 0-5 в. of the original sample. Now add to it a trace of solid 
NaNO, and 1. c.c. of conc. H;SO, Warm the mixture gently, 
a green or blue colour is developed. Pour this solution. into 
water, when the colour changes to red. Now add excess of 
caustic soda, when the colour again changes to green or blue. 


(iii) Phthalein tests: Take a little of the substance and 
about half its bulk of phthalic anhydride in a dry test-tube. 
Add one or two drops of conc. HSO, and heat the mixture, 
Cool, add a few drops of water and dil. NaOH solution 
gradually with shaking till alkaline. Dilute with water (and 
filter, if necessary), Development of colours, red or yellow- 
green fluorescence indicates the presence of phenolic ОН gr. 

B. —COOH gr : Esterification: і 


Take a small. portion of the Sample in a small and dry 
round-bottomed flask; add about 3 сс. absolute alcohol 
and shake: Add 3-4 drops of conc. H,SO,. Attach an air 
condenser and warm for about ten Minutes by placing 
it in a bath of hot water (70°С). Cool and pour down 
the mixture into a small beaker containing about 20 с. 
—separation of oily layer, which does Not dissol 
dilute alkali; but possesses a characteristic fragran 
the presence of —COOH gr. 


©. Water ; 
Ve in cold and 
t smell indicates 


Notes on detection of functional groups 
1. Colour and odour. The col 


Our and odour of the- 
original sample should always be п 


огед. It may sometimes 
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help to guess the class to which the substance under examination 
belongs. As for example, nitro compounds are generally 
yellow (pale or deep) or orange coloured. Hydrocarbons, 
alcohols, phenols, aldehydes, ketones and acids are generally. 

- colourless. Esters, alcohols and aromatic hydrocarbons may 
have sweet and pleasant smell. Pungent and irritating odours 
are given by lower aliphatic acids, acid halides, etc. Phenols, 
lower aliphatic ketones, etc. possess characteristic smell. И is, 
however, a matter of practice to identify the type of odour of 
a substance under investigation' 

2. The colour exhibited by some phenolic compounds оп 
reaction with ferric chloride solution is very much transitory in 
nature. Hence the effect should be noted immediately after 
addition of FeCl, solution. 

3. Not only the compounds containing — СООН gr. give 
effervescence with NaHCO, but there. are others such as 
chlorophenols, nitrophenols, amine salts, -easily hydrolysable 
esters give sufficiently strong acid reactions to produce efferves- 
cence with NaHCO,. 

4. 2:4-dinitrophenylhydrazine forms. 2 : 4-dinitrophenyl- 
‘hydrazone with carbonyl compounds (i.e., compounds contain- 
ing ус=о group). 

CO-+H;N-NHC,H,(NO,), > C=N-NH-C,H,(NO;),+H,0 
2:4-dinitrophenylhydrazones 

5. Carbonyl compounds react with semi-carbazide hydro- . 
chloride to form crystalline derivatives known as semicarbazones. 
CO+H,N-NH-CONH, — C=N-NH-CONH,+H,0. 

semicarbazones. 

6. Note that the groups other than the ester, that res- 
pond to ferric hydroxamate test are beyond the scope of the pass 
"syllabus. у 

Hydroxamic acids are formed by the action of ћу- 
droxylamine on esters. : 


о „О 
R—CZ -+NH,OH— R—C{ +C,H,OH 
- ОСН, NHOH 


Hydroxamic acid in slightly acid solution exhibits colora- 
tion by forming coloured complex with ferric chloride solution. 
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Hence, before performing this expt. make sure that the ferric 
chloride solution does not produce any coloration with the 
original sample. 

7. The ester is hydrolysed by alkali into alcohol (here 
ethyl alcohol) and the sodium salt of corresponding acid. On 
distillation ethyl alcohol collects in the distillate. 


R-COOC;H,--NaOH — R-COONa 4- C;H,OH. 
The presence of ethyl alcohol in the distillate is confirmed 


by iodoform test. With iodine and caustic alkali, ethyl alcohol 
forms iodoform. 


C;H,OR-EAL 1 6NaOH-— CHI;4 -HCOONa FS5NaI--5H;0. 


8. The "yellow ppt. is due to xanthate, which is formed, 
when alkoxide obtained from alcohol and KOH reacts with C 5.. 


SK 
ВОН+С$,+КОН—5—=С ^ (xantháte)--H;O. 
"NOR 


With ammonium molybdate, xanthate in slightly acid solution 
forms a coloured complex. 


9. Besides amine salts, some other compounds such as 
nitrophenols react acidic towards litmus. 


9a. Amides undergo rapid hydrolysis by alkalis and ammonia 
is evolved: | 


ЕСОМН,+Н,0О—ЕСООН-МН, 

10. Both aliphatic and aromatic amines respond to this 
test. This reaction is also called isocyanide reaction and 15 
represented by the following equations: 

-Ar-NH,+CHCl,+-3KOH=ArNC+ 3KCl+3H,O 

Aryl isocyanide 

{Where Ar stands for an aryl group; hence ArNH, is an 
aromatic amine.] 
Similarly, R-NH,+CHCI,+3KOH=RNC+3KCI+ 3H,0 

Alkyl isocyanide 
[Where R stands for an alkyl group and hence R-NH, 


is an 
aliphatic amine.] 


11. Salts of aromatic primary amino compounds react with 
nitrous acid (NaNO,--HCI) in the cold to produce soluble 
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diazonium salts. This reaction is called Diazo reaction. 
[During diazotisation temperature should be kept between 
0*C—5*C and an-aqueous solution of sodium nitrite should be 
added in portions, till the reaction mixture produces a blue 
colour with KlI—starch paper.] The diazonium salt thus. 
produced couples with phenols and other aromatic hydroxy 
derivatives in alkaline medium to give brilliant coloured azo- 
dyes. With aniline, for example, the reactions is: 
C,H;NH,HCI+ HONO--C,H;N=NCI-+-2H,0 
Diazo-salt . 
CH; N=NCI+ C H;OH— C,H5N —NC;4H,OH 1 HCT. 
B-naphthol a scarlet azo-dye 


12. The nitro-compounds are reduced by zinc dust and 
NH,CI (or СаСЬ) to hydroxylamine derivatives, which reduce 
alkaline silver nitrate into metallic silver. 

4H 
R-NO,———-R-NHOH4- HO 
R-NHOH-+ Ag,O—+2Ag+H,0+ RNO. 
(where R stands for an alkyl or aryl radical). 


AC.-9 


Specimen Records of Analytical Results 
Sample No...... 


Date.....- у 


The given sample is a colourless, crystalline solid having a 
pleasant aroma. 


Detection of elements (Nitrogen, sulphur and halogens): 
The substance was fused with metallic sodium in an ignition 
tube, which was then immersed, while red hot into 20 c.c. distilled 
water taken in a mortar and broken by tapping. The mixture 
was filtered after grinding the fused mass and broken glass pieces. 


The following expts. were performed taking a small portion of 
the filtrate at a time. 


Experiments Observations Inferences 


(Г) To a portion of the fil- 
trate freshly prepared ferrous 
sulphate solution was added. 
After boiling the mixture for 
about a niinute it was allowed 
to cool, acidified with conc. 
HCI and finally a drop or two 
of ferric chloride was added. 


No blue ppt. | Nitrogen 
or coloration. | absent. 


(ii) To a portion of the fil- 
trate a drop or two of freshly 
Prepared sodium  nitroprus- 
Side solution was added. 


No violet| Sulphur 
coloration. absent. 


Gi) A little of the filtrate 


ji No ppt. Chlori 

was acidified with dil. HNO, PR Bi cie 
and AgNO, solution was Iodine ` 
added to it. —absent. 


Detection of functional group: 


etecti As the sample does not 
contain nitrogen, the question of examining nitrogen contain- 


ing functional group (or groups) does not arise at all. To 


detect the functional group the following experiments were 
performed in succession. 
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Experiments Observations Inferences 

() A portion ofthe sample | Sooty flame | Aromatic 

was burnt on a porcelain compound. 
crucible. 5 

Gi) Aportion of the| The зашре | Water... - 
sample was shaken with water | did not dis- | insoluble neu- 
and the resulting suspension | solve and the | tral subs- 
was tested with litmus paper. | suspension tance. 


(li) Aportion of the 
sample was shaken with a 
dilute solution of NaOH and 
warmed. 


(iv) (а) A portion of the 
sample was shaken with a little 
water and the resulting sus- 
pension was treated with a 
drop of neutral ferric chloride 
solution. 


(b) The above expt. was 
repeated by replacing water 
by ethanol. 


(у) То a solution of 
NaHCO, in water, the solid 
sample was sprinkled. 


(vi) To 3 c.c. of a solution 
of 2: 4 dinitrophenylhydrazine 
a portion of the sample 
mixed with dil HCI was add- 
ed. The mixture was then 
shaken for thorough mixing. 


(a) To about 2 c.c. of Schiff's 
reagent a little of the original 
sample was added. The mix- 
ture was allowed to stand: for 
two minutes after thorough 
shaking. 


had no action 
on litmus 
paper. 


The sample 
dissolved and 
turned yeilow. 


A violet col- 
our develop- 
ed. 


A violet 
colour 
developed. 


No 
effervescence. 


An orange red 
ppt. 


No Pink* col- 


our developed 


Acidic nature 


Phenolic 
—OH gr. 


Phenolic 
—OH gr. 


—COOH gr. 
absent. 


Ne 
2€-0 gr. 


* A number of aromatic aldehydes give negative result. 
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Experiments .| Observations Inferences 


(b) To about 3 c.c. of Tollen's | Formation of | Aldehyde 
reagent a little of the substance | а mirror of 
under investigation was added. | silver. 

After thorough mixing the test 
tube was warmed: by placing it 
in- a beaker of boiling water. 


(vii) A portion of the subs- | № yellow | —COOC;H; gr. 
tance was refluxed with alkali | ppt. and no | absent. 

and then distilled. With a | characteristic 
little of-the distillate iodoform | odour. | 
test was performed. | | 


(Since a colour developed in | 

ferric chlotide test, ferric 
hydroxamate test was not 
performed.) 


(viii) A portion of the | No yellow | Alcoholic 
sample was treated with KOH, | ppt. and ho — ОН absent. 
ether and CS,; and was shaken | coloration of 
for about 5 minutes. Then it | chloroform 
was acidified with H,SO, after | layer. 
addition of a few drops of 
ammon molybdate.. Finally, it 
was shaken with chloroform. 


Hence nitrogen, halogens.and sulphur are absent and the 
functional groups that the sample contains are : aldehydic 
(—CHO) group and phenolic hydroxyl (— OH) group. 


Sample No...... 


The given sample is a yellow solid. 

Detection of elements (nitrogen, sulphur and halogens): 
The substance was fused with metallic sodium in an ignition 
tube, which. was then immersed, while red hot into 20 c.c. 
distilled water taken in a mortar and broken by tapping. The 
mixture was filtered after grinding the fused mass and broken 
glass pieces. The following expts, were performed taking a 
small portion of this filtrate at a time. 
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Observations Inferences 


Experiments 


Nitrogen 
present. 


Deep-blue 
ppt. 


(i) To a portion of the 
filtrate freshly prepared ferrous 
sulphate solution was added. 
After boiling the mixture for 
about a minute it was allowed 
to cool, acidified with conc. 
HCI and finally a drop ог two 
FeCl, solution was added. 


No violet 
coloration. 


Sulphur 


(ii) To a portion of the 
absent. 


filtrate a drop or two of a 
freshly prepared sodium nitro- 
prusside solution was added. 


(iii) To а little of the | No ppt. 
filtrate excess of dil. HNO, was 
added and boiled to drive 
away HCN. It was then cooled 
and AgNO, solution was 


added. 


Detection of functional group: Since the substance 
contains nitrogen, nitrogen containing functional group or 
groups may be present. To detect the functional groups the 
following experiments were performed in succession: 


Inferences 


Experiments Observations 


() A little of the sample 
was shaken with water and the 
resulting mixture was tested 
with litmus paper. 


Water in- 
soluble neutral 
substance. 


The substance 
did not dis- 
solve and the 
resulting mix- 
ture had no 
action on lit- 
mus paper. 


(ii) A small portion of the | The substance | Basic nature 
sample was shaken with Ш. dissolved. 

HCl. 

(iii) A small portion of the | The yellow | May be—NO, 


sample was shaken with conc. | colour deep- | gr. 
solution of NaOH and heated. | ens. 
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Experiments 


p Observations { 


Inferences 


(i) Aportion of the 
sample was warmed with al- 
coholic NaOH and chloro- 
form. 


()Aportion of the 
sample was treated with 
NaNO, and dil. HCl and a 
little of this cooled solu- 
tion was added to an excess of 
alkaline f-naphthol solution. 


(vi) An aqueous alcoholic 
solution of a small portion of 
the sample was treated with 
zinc dust and NH,Cl and was 
finally filtered into ammonia- 
cal AgNO; solution. 


(vii) An aqueous suspen- 
sion of a portion of the sample 
was treated with a drop of 
neutral FeCl. 


(viii) The expt-vii was те- 
peated by substituting water 
by alcohol. 


(ix) Hydrochloric acid 
solution of the sample was 
treated with 2:4 dinitro- 
phenylhydrazine. 

(x) Aportior of the 
sample wa$ warmed on water- 
bath with acetic anhydride and 
a few drops of conc. H5SO,. It 
was then poured into water 
and stirred well. 


(xi) A portion of the 
sample was refluxed with 
alkali and distilled. With a 
little of the distillate iodoform 
test was carried out. 


Hence, the sample c 
functional groups —NO; 


ontains nitrogen and nitrogen containing 
and —NH;. 


A. chracteris- | Aromatic or 


tic obnoxious | aliphatic 

odour. amino com- 
pound 
(—NHj) gr. 


Aromatic 
—NH, gr. 


An immediate 
b rilliant 
scarlet red 
ppt. 


Aromatic 
— NO, gr. 


A black ppt. 


No charac Absence of 


teristic change 


No charac- 
teristic change 


Absence of 
pheno 'ic 
—OH gr. 


No ppt. Absence of 
ус=о gr. 

Neither any | —OH group 

ppt. nor a (phenolic or 

separate liquid alcoholic) 

layer (having | absent. 

apleasant 

smell) did 

appear. 

No yellow ppt: --COOCH, 

and no charac-| gr. absent. 


teristic 
odour. 


2. REACTIONS AND TESTS OF SOME 
COMMON ORGANIC COMPOUNDS 


INTRODUCTION 


In this section of the book the principal reactions and tests 
of some common organic compounds are described. Some of 
these reactions are employed in subsequent general scheme of 
qualitative analysis of an unknown organic compound or as 
principal special tests. Before proceding with the qualitative 
analysis of unknown sample a student, therefore, must practise 
these reactions with known substances and should never avoid 
it. 

It should also be noted here that in carrying out some 
reactions of organic compound a neutral solution of the sample 
is required. Hence, a portion of the solution of solid* or one- 
third portion (one third is to be kept reserved) of the liquid (or 
the given solution) is to be neutralised, if it is not already 
neutral. If it reacts alkaline, neutralise it with dilute nitric 
acid by adding the dilute acid dropwise and testing from time 
to time till a drop of the resulting solution taken on a glass rod 
just turns blue litmus red. If, however, as a result of addition 
of acid the resulting solution becomes distinctly acidic, add 
dilute ammonia dropwise till the smell of ammonia persists 
and then boil off excess ammonia. If, on the other hand, the 
solution (or suspension) reacts acidic, neutralise with powdered 
sodium carbonate by adding a little by little and if the resulting 
mixture becomes alkaline on addition of carbonate, add in 
portion a little more of the original sample till the solution 
reacts. neutral. It must, however, be borne in mind that the 
solution may be left faintly acidic but it never be left alkaline 
for the purpose of carrying out necessary wet reactions with 
it. It should further be noted that if the solution be faintly 
acidic, there is no need of neutralisation; proceed with the 
solution as such for carrying out necessary reactions. 


*If à solid sample be given shake about one gram of the solid with 10 c.c. 
water, heat and filter, if necessary. If the solid be insoluble in water, treat the 
suspension in water with acid or base as may be necessary for neutralisation. 


CHAPTER 1 
REACTIONS AND TESTS 


1. Formic acid, HCOOH 


Free acid is a colourless liquid having a pungent smell. 
1t is miscible with water in all proportions. The free acid and 
its ammonium salt, if heated, completely volatilises away. 


Preliminary tests 


Experiments 


Observations 


eee ee ee 


(ij) Heat carefully in a 
clean and dry test-tube 


(a) a little of formic acid, 


(b) a little of sodium or 
potassium formate. 


(i) Add conc. H,SO, toa 
little formic acid or a formate; 
warm and ignite the issuing 


(а) The substance 
pletely volatilises away. 

(b) A residue is left behind 
and hydogen gas, which can 
be set fire to 15 evolved. 

An effervescence occurs in 
the cold and the issuing gas 
burns with a pale blue flame. 


com- 


gas. 


Wet-tests 


Experiments 


(iii) Add Гете’ reagent 
to a solutíon of formate or 
formic acid and boil. . 
ју) To a neutral solution 
of formate a d d freshly pre- 
pared neutral* ferric chloride. 
Divide the coloured solution 
into two parts: ; 
(а) То one portion ада 
dil НСІ. 


a permanent ppt. just appears. Filter, e 
it for the above reaction. 


ferric chloride and use i 


Observations 


A white, sand like ppt. 


comes down on boiling. 


A red colour develops. 


(a) Colour is discharged. 


*To a little of ferric chloride solution add NH,OH or NaOH solution till 
the resulting filtrate is termed neutral 
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є 


Experiments 


Observations 


(b) Boil the other portion. 


(» To a little of dilute 
solution of formic acid or a 
formate add silver nitrate 
solution. 


(vi) Warm a solution of 
formic acid or a formate with 
mercuric chloride solution. 


(b) A brown ppt. appears. 


A white ppt. in the cold, 
which slowly turns black! on 
standing. This transformation 
is facilitated оп warming. 


A white ppt. or a grey 
metallic deposit with excess of 
formic acid or a formate. 


2. Acetic acid, CH, COOH 


A colourless liquid, having a characteristic vinegar odour, 
miscible with water in all proportions. Free acid or its 
ammonium salt, if heated completely volatilises off. But with 
calcium salt an inflammable vapour is given off and a residue 
is left behind. 


Preliminary tests 


Experiments Observations 
(i) Warm an acetate with dilute or conc. | Vinegar like 
Н,5О.. smell is evolved. 
(ii) Cacodyl oxide test: Mix equal parts 
of a dry acetate and arsenious oxide (both 
being taken in small quantity) in a test-tube 
and finally heat. 
Hold your thumb at the mouth of the test- | An extremely 
tube and inhale the thumb. nauseating 
ойош. 
ee 


1Ammonia prevents the reduction of silver nitrate. 
2Don’t inhale directly, as the evolved vapour is highly poisonous. 
the test-tube as soon as the test is over. 


Discard 
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Wet-tests 


E MET Lr EE SETTE RES ы = 


Experiments 


(ту Add to a соја solution of acetic acid 
or an acetate a little of Denige's reagent and 


boil. 


Now add a drop or two of a two per cent 
solution of KMnO,. 


(iv) Test with FeCl, solution as indicated 
under formic acid. 


(у) Add AgNO, solution to а сопс. 
neutral solution of acetate and boil. 


(vi) Add mercuric chloride solution to a 
solution of the acid or an acetate. 


Observations 


No ppt. either! 
in the cold or 
from hot solu- 
tion. 


Permanganate 
is not deco- 
lourised. 


Same as in the 
case of formic 
acid. 


A white ppt., 
which does not 
turn black on 
boiling (see 
the test under 
formic acid). 


No ppt* (A 
distinction 
from formic 
acid). 


vides n EE E T 


COOH 
| 2H,0 


3. Oxalic acid 
: COOH 


A colourless solid, soluble in water, crystallises with two 


molecules of water of crystallisation. 


„.——————--—— 
*A ppt. is, however, obtained with ammonium acetate but no black or 


grey ppt. comes down. 
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Preliminary tests 


Experiments Observations 


Dissolves in its 
own water of 
crystallisation, 
no charring 
occurs, volati- 
lises off com- 
pletely, yield- 
ing a feather- 
like subli- 
mate!. 


(i) Heat cautiously over a small flame 
oxalic acid crystals taken in a clean and dry 
test-tube. . 


Lime water 


(ii) Warm the acid ог its salt with conc. 
turns milky. 


H,SO, and allow the issuing gas to pass 
through lime water. 


Wet-tests 


Experiments Observations 


(iii) Add CaCl, solution to a neutral solu- | А white ppt. 


tion of an oxalate. \ 


Ppt. does not. 


Divide the ppt. into two parts; To оле | Fy 
dissolve. 


portion add dil. HAc. 


To the other portion add dil. HCl or dil. 
HNO,. 


(iv) To a neutral solution of an oxalate 
add AgNO, solution 


Divide the ppt. into two parts: 


Ppt. dissolves 


А white crystal- 
line ppt. 


The ppt. dis- 
solves in both 
the reagents. ; 


To one portion add dil. NH,OH 
add dil. HNOs. 


To the other portion 


с acid first decomposes into carbon dioxide and 


10n strong heating oxali : 
quently decomposes into carbon monoxide and 


formic acid, the latter subse! 
water, both of which escape. 
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Se a 


Experiments Observations 


(у) Add a little dil. H,SO, to a solution of | The colour of 
oxalic acid or to a neutral solution of an oxa- | permanganate 
late. Warm just to boil, add КМпо, | is discharaged. 
solution in drops. 


(vi) To a solution of oxalic acid or oxalate | A white ppt. 
add Denige's reagent and then boil. in the cold, ' 
which does 
not dissolve 
on boiling. 


ОВ e T шомы e 
CH,COOH 


4. Succinic acid. | 
CH,COOH 


A colourless, crystalline solid, soluble in hot water. 


Preliminary tests 
а 


Ехрегітепіѕ Observations 


(i) Heat a little of the solid | А sublimate is formed and 
in a clean and dry test-tube. irritating fumes are given off. 


(ii) Warm a few crystals of | The acid dissolves and no 
the acid with conc. Н,50,. charring! occurs. 


Wet-tests 


Experiments Observations 


(iii) Fluorescein test: Take 
a small quantity of the solid 
and mix with twice its weight 
of resorcinol. Add a few drops 
of conc. H,SO, to the mixture 
and Н 

(a) heat gently. (а) A. deep-red solution is 
obtained on heating. 


Slight charring occurs, if strongly heated. 
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Experiments 4 Observations 
(b) Pour the contents of (b) Deep-red solution 
the test-tube into a large | changes to an orange-yellow 
volume of water; and solution, which exhibits an 
intense! green fluorescence. 
(c) then add NaOH! (с) Fluorescence is inten- 
solution. sified and the solution changes 
à to bright red. 
(iv) To a neutral solution Buff-coloured ppt.  dis- 


of the sample add a drop or | appearing on addition of dil. 

two of freshly prepared neutral HCl. 

ferric chloride solution. 
(у) To а portion of the A white ppt. soluble in 

neutral solution add an equal | acetic acid. 

volume of CaCl, solution, 

. shake well, scratch and boil. 
(vi) Add AgNO, solution | А white ppt. appears. The 

to a portion of the neutral | ppt. dissolves. in dil. NH,OH. 

solution of the sample and 

finally add dil. NH,OH. : 


 ——_—_——— 
CH(OH)COOH 
CH(OH)COOH 


5. Tartaric acid. 


A colourless, crystalline solid, soluble in water. It exists 
in four stereo-isomeric forms of which dextro variety is the most 
common. ` 


Preliminary tests 


a Experiments Observations 
The subs- 
tance chars. 
The subs- 
tance readily 
chars. т 


(i) Heat the acid or tartrate in a clean 


and dry test-tube. t 
(il) Warm the solid with conc. H,SO, 


ое that a feeble fluorescence is also observed, when simply resorcinol 
and conc. Н:50, аге heated together. Moreover, besides succinic acid 
other polybasic acids such as citric, tartaric, etc. may sometimes exhibit feeble 
fluorescence. Hence, а slight or feeble fluorescence is no confirmation for a 


succinate or succinic acid. 
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Wet-tests ч 
Experiments Observations 
(ii) To a portion of the neutral and | А white 


concentrated solution add an excess of CaCl, 
solution, shake and scratch inside of the 
test-tube. 


(iv) Mirror test: Clean a test-tube first 
with caustic soda and then with dil. HNO, 
and finally wash with distilled water. Take 
a little of the neutral solution of the sample 
in the test-tube thus cleansed. (a) Add AgNO, 
solution to it, (5) and continue addition till the 
precipitation is complete. Now add dil. 
NH,OH dropwise and with constant shaking 
till the ppt. almost and not completely redis- 
solves (the contents of the test-tube should 
look slightly turbid at this stage). Warm the 
test-tube placing it in a beaker of boiling water 
for a few minutes. 


(у) Denige's modification of Mohler's test: 
Take 2 c.c. conc. H,SO,, and 2-3 drops of a 
: 27$ solution! of Tesorcinol, then two drops 
of the neutral solution of the sample, and 
finally warm. " 


(vi) Fentons 16517: To about 5-6 c.c. of 
a dilute solution of tartaric acid or tartrate add 
just one or. two drops of a freshly Prepared, 
saturated solution of ferrous sulphate. Now 
add a drop’ of a dil. solution of hydrogen 
peroxide’ to "the" above mixture and then 


crystaline ppt. 
soluble in hot 


dilute acetic 
acid. 

(2) А white 
crystalline ppt. 
appears. 

(b) The walls 


of the test-tube 
get coated with 
Shining mirror 
of silver. 


A reddish- 
violet colora- 
tion. 


A deep violet 
coloration. 


immediately ада ап excess of NaOH solution. і 
j 10:58. resorcinol іп 25 c.c. of 1% H3SO,. 


*Excess of both ferrous sulphate and H;O, is to be always avoided. 
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CH,COOH 
6. Citric acid оное 
GH coor 


A colourless solid, soluble in water, crystallises with one 
molecule of water. 


Preliminary tests 


Experiments Observations 


The substance chars and 
acrid smelling fumes are given 
off. 


(i) Heat in a clean and 
dry test- tube citric acid or a 
citrate. 


(ii) Warm gently citric Slow! charring occurs. 
acid or a citrate with a little 


of conc. H,SO, in a test-tube. 


West-tests 


Experiments Observations 


No: ppt. even on’ shaking 
and scratching but on boiling? 
only. л 


(ii) To a portion of the 
neutral solution add an equal 
volume of calcium chloride 
solution. Shake, scratch and 
finally boil. 


A white gelatinous ppt. inso- 
luble in hot water but readily 
soluble in hot acetic acid. 


(iv) Add cadmium chloride 
solution to a portion of the 
neutral solution taken i in a test: 
tube. 


A..curdy-white ppt. ` soluble 
in ammonia is obtained, but no 
‘reduction ‘takes place on 
boiling for a short? time. 


` (у) Silver nitrate test: See 
‘Mirror test’ indicated, under 
tartaric acid vere 


iNote' that tartrate or tartaric acid chars immediately. T 
D distinction from tartaric and oxalic acids, which give ppt. in hj со. 
*Prolonged boiling, however, results in a slight reduction but- по fine. 


mirror like that produced by a tartrate is obtained. 
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Experiments 
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Observations 


(vi) Add ап equa! volume 
of Denige's reagent to a litile 
portion of the solution of the 
acid or of a citrate; boil and 
then add a drop or two of a 
2% solution of KMnO,. 


The colour of permanga- 
nate is discharged and a white 
ppt. or turbidity appears. 


7. Benzoie acid. C,H,COOH 


. The acid is a colourless, plate-like or. а needle-shaped 
„crystalline solid, sparingly soluble in cold water but more soluble 
in hot water. 


Preliminary tests 


—_——— 


Experiments 


Observations 


(i) Heat a little of the 
acid in a clean and dry test- 
$ 40е. 


(i) Warm the solid acid 
with a little conc. H;SO,. 


(ii) Mix the solid (free 
acid or benzoate) with four 
times of dry sodalime and heat 
in a test-tube. 


(а) Take the smell, and 


(b) ignite the issuing gas. 


| 
| 
| 
| 
| 
1 
| 


The acid first sublimes and 
then melts. Copious white 
fumes, which excite sneezing 
and/or coughing are given off. 


The solid dissolves in conc. 
acid but no charring occurs. 


(a) Characteristic | smell of 
benzene. 


(b) The evolved gas burns 


_ Wet-tests $ 


Experiments 


(iv) To a portion of the 


neutral solution. add dilute 
mineral acid, shake and 
scratch. 


Џ 


with а sooty flame. 
Observations 
À white crystalline ppt. 


dissolves on boiling but 
Teappears on cooling. 
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Experiments 


145 


Observations 


(у) To a portion of the 
neutral solution add Denige's 
reagent. 


(vi) To a portion ‘of the 


neutral solution add a drop or |. 


two of a freshly prepared 
neutral FeCl; solution. 


Add dil. НСІ to the above 
ppt. 


(vii) Take about 0.15. of 
a benzoate or the free acid 
in a clean and dry test-tube, 
add about 2 c.c. of alcohol 
and shake well. Now add a 
few drops of conc. H,SO, 
and warm the test-tube for 
a few minutes in a bath of 
boiling water. Cool and pour 
the contents of the, test-tube 
into a basin containing a little 
of sodium carbonate solution. 


| Same observation as in 
expt. -(iv) above. 

А buff-coloured ppt. 
Buff-coloured ppt. dis- 


appears but a white crystalline 
ppt. reappears. 


Fruity smell 


8. Salicylic acid, C,H,(OH)COOH 


The acid is a colourless, odourless, crystalline solid. It is 
very sparingly soluble in cold water but dissolves readily in hot 


water. 


^ preliminary tests 


Experiments 


(i) Heat 


a dry test- 
tube a little of the acid, 
(b) rapidly. 


(a) gently in 


(ii) Warm a little of the 
^ , acid (ora salicylate) with conc. 


2 as. 


Observations 


Acid melts at first and then 
sublimes. 


Characteristic odour of 
phenol is given off. 
The solid dissolves, the 


resulting solution darkens and 
gases are evolved. 
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Experiments 


Observations 


(i) Make an intimate 
mixture of the acid (or salicy- 
late) and sodalime and then 
heat the mixture strongly. 


iv) Oil of ~ wintergreen 
Lus oe about 0.12. of the 
solid acid (or a salicylate) in a 
test-tube, add about 1 c.c. of 
a mixture of MeOH and conc. 
H,SO, containing about 
0-3 c.c. of the acid. Heat gently 
for about 3-4 minutes. 


Characteristic odour of 
phenol is evolved. 


A characteristic fragrant 
odour. [The odour becomes 
more pronounced on cooling 
the test-tube and pouring its 
contents into a little solution 
of sodium carbonate kept in a 
shallow vessel Say a basin; cf. 
benzoic acid.] 


Wet-tests 


Experiments Observations 


(v) To a portion of the 
neutral solution ааа dil. 
mineral acid. 


(vi) Add an excess of! 
bromine water to a portion of 
the neutral solution. 


(vii) Test with Denige’s 
Teagent (see benzoic acid). 


(viii) To a portion of the 
neutral solution ааа a drop 
or two of a freshly prepared 
neutral ferric chloride solution. 


Divide the coloured solu- 
tion into two parts: 


(a) To one part add dil. 
HCl. 

(6) To the other add a 
moderate quantity of acetic 
acid, | 


(ix) Try Phthalein -test (cf. 
age 126). 


A white crystalline ppt., 


which dissolves on boiling but 
reappears on cooling. · 


A pale-yellow 


erystalline 
PPt. comes down. 


Same as in the case of 
benzoic acid. 
An 


intense violet colour 
develops. 


(а) colour is discharged; 


(b) colour is not! dis- 
charged. 


1A distinction from phenol, the colour given by phenol with ferric chloride 


is discharged by acetic acid. 
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9. Phenol, C,H OH 


It is a colourless, crystalline, low melting solidi. It has a 
characteristic carbolic smell. It is not much soluble in water. 
But it dissolves readily in alkali. It cannot liberate carbon 
dioxide from carbonate or bicarbonate. 


Preliminary tests 


Experiments 


Observations 


(i) Heat a few crystals 
(or drops) of the sample in a 
dry test-tube. 

(ii) Warm а few crystals 
(or drops) with conc. H,SO,. 

(iii) Liebermann's reaction: 
Add a small crystal of sodium 
nitrite to a little of the solid 
(or a drop of the liquid) taken 
in a. test-tube. Warm the 
mixture, cool and 

(a) then add about 1 c.c. 
of conc. H,SO,; 

(b) pour the mixture 
into an excess of water in à 
beaker; 

(с) now add caustic 
soda till the solution becomes 
alkaline. 


The substance volatilises? 


off completely, a characteristic 
phenolic odour is given off. 
No charring occurs. 


(а) Blue or green colour 
develops. 


(b) Blue ог” green colour’ 
changes to red. 

(c) The solution tu r n s 
blue or green again. 


Wet-tests 


Experiments Observations 


(iv) Add bromine water А yellowish-white ppt. 
to an aqueous. solution of | comes down. i : 
phenol till the precipitation is 
complete. 

- (7) To an aqueous solution 
of phenol add a drop or two 
of a freshly prepared neutra! 
ferric chloride solution. 

Divide ЕВ e coloured solu- 
tion into two parts: 


A. violet colour develops. 


.10n exposure to air the solid melts to a red or pinkish syrupy liquid and 
that is why it is sometimes found to be in this state in our laboratories. 
?The solid first melts and then volatilises away. ^ 
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Observations - 


То .опе part add dil. НСІ 
and to the other.add acetic 
acid. 
(i) 


age 1 


Colour is discharged! 


Try Phthalein test (cf. 


10. Resorcinol (m-dihydroxy benzene) 
m-C,H,(OH), 
It is a colourless (when pure) and odourless solid, freely 


soluble in water. 


Experiments Observations 


-1. To an aqueous solution 
of resorcinol add a drop or two 
of freshly prepared neutral 
ferric chloride solution. 

To Тес. of the aqueous 
Solution add 1 c.c. of Fehling's* 
solution and subsequently warm 
the mixture. 

3. Try Phthalein test (cf. A yellow-green fluorescence 
page 126) 


4. Try Fluorescein test (cf. | See Succinic acid 
Page 140-14 |): 


А bluish violet colouration - 
develops. 3 


A red ppt. of Cu,O slowly 
comes down. . 


11. Betanaphthol, C,;H;OH 
Itisa crystalline solid. It Crystallises in leaflets, 


It possesses 


a faint phenolic odour. It is insoluble in water but soluble in 
alkali 


Preliminary tests 
Experiments 


Observations 


(i) Heat a little of the Solid in a clean | No 
and dry test-tube. 


1 character- 

istic change, 

but the subs- 

tance melts 

down to a 

У ў liquid. 

(ii) -Warm a little of the Solid with conc. А blackish green 
4- 4 А colour develops. 

1A distinction from salicylic acid (see salicylic acid, р. 146). 

“It will also reduce siliver nitrate solution Оп warming. 
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Wet-tests 


Experiments Observations 


(iii) To a little of the solution of the | A green 

sample in alcohol add a drop of freshly pre- | coloration and 

pared neutral FeCl, solution and note immedi. | a fter wards 

ately the change of colour. .-| aflocculant 
$ ppt. 

А blue colour 


(iv) Dissolve a little of the substance in 
develops. 


conc. caustic potash, add a drop of chloroform 
and finally warm. 
A yellow 


colour deve-. 
lops. 


(v) To a suspension of betanaphthol in 
water add sodium hypobromite solution and 
shake : 


A brilliant 
scarlet red 
coloration or 
ppt. appears. 


(vi) Back-dye test: Dissolve a little - of 
aniline in dil. HCl. Cool under tap and add a 
dil. solution of sodium nitrite in portion until a 
drop of the solution turns starch iodide paper 
blue. Cool again and add a little of this 
solution to an excess of a solution of Beta- 
naphthol in caustic soda. 


(vii) Try Phthalein test (cf. page 126). 


12. Methyl alcohol, CH,OH 


Methyl alcohol is a colourless, neutral, volatile and inflam- 
mable liquid having a pungent smell. (Faint alcoholic odour is 
also noticeable.) It is miscible with water in all proportions. 


Preliminary tests 


Experiments | Observations 


i) Heat in a dry test- | Inflammable vapours are gi 
ue few drops of the li: uid. | off and the liquid coipletely 
volatilises away. 
(ii) Try oil of wintérgreen ) 
test as indicated under Зайсу- Same as with salicylic acid. 
lic acid. 


M Kec MI Ie Ir а 
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Wet-tests 


Oxidation of methyl alcohol to formaldehyde : Take an 


aqueous solution of alcohol in a test-tube. 
in cold water contained in a beaker. 
` spiral- in the non-luminous Bunsen flame. 
when -red-hot into this alcohol. 


plunging of the spiral into the 


and replace the water of the beaker from time 


cold water. 


dehyde and unconverted methyl alcohol. 


following reactions taking a small portion of 
time. 


(i) To 5 cc. of the 
Schiff’s reagent add a few 
drops of the oxidised solution. 


(v) Rimini’s test: Add 
1с.с. each of a freshly prepared 
one per cent aqueous solution 
of phenylhydrazine h ydro- 
chloride and 0.59; aqueous 
solution of sodium nitroprus- 
side to a 5 c.c. portion of the 
oxidised liquid. Finally, add 
caustic soda solution in excess. 


(у) Resorcinol test: Ноја 
а test-tube containing 2-3 c.c. 
of conc. H,SO, inan inclined 
position. In another test-tube 
take 1 c.c. of the oxidised 
liquid and a d r o p of 0:57; 
resorcino. Now add this 
mixture to ‘the above acid 
(conc. H,SO,) carefully down 
the side of the test-tube: 


Keep the test-tube 
Heat а clean copper 
Plunge the spiral, 

Repeat alternate heating and 
aqueous solution several times 
to time by fresh 


The liquid in the tube contains solution of formal- 


Carry out the 
the liquid each 


Observations 


Development . of pink 


colour, which deepens gra- 
dually. 

Development of intense 
indigo blue colour. 

А  reddish-violet ring 


appears at first at the junction 


of liquid layers. With the 
Passage of time a white ppt. 


changing to reddish-v i olet 
appears in the aqueous layer 
abovethe ring. 
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Oxidation of methyl alcohol to. formic acid: Take about 
10 c.c. of a 50% solution of well-cooled sulphuric acid (prepared 
‘by mixing 1 vol of conc. acid with 1 vol. of water) and 
add 5 c.c. of methyl alcohol to it. Add this mixture of 
alcohol and acid to a 5 c.c. of a saturated solution of K4Cr;O; 
taken in a 50 c.c. distilling flask fitted with a long delivery 
tube, the end of which is kept immersed under distilled 
water in a test-tube. Hold this test-tube in a small beaker 
full of water. Take out a drop or two of this green solution 
for carrying out Morphine test indicated below. Allow the 
rest to stand for about five minutes and then distil. Neutralise 
the distillate with a dilute solution of sodium carbonate, 
boil to drive away formaldehyde, if there be any. Perform 
the tests and observe the changes аз indicated under formic 
acid (pages 136-37) with the following reagents one after another 
taking a portion of this neutral solution each time: 


(vi) AgNO, solution, (vii) Denige's reagent, (viii) FeCl; 
solution. 


Experiment Observation 


(ix) Morphine test: Add 
atrace of morphine taken on 
-а pinhead to a drop or two 
of the green-coloured solution 
taken out for the purpose 
(from a mixture of K,Cr,0,, 
methyl alcohol and sulphuric 
acid). Now add excess of 
conc. H,SO, down the side of 
the test-tube. 


There spread immediately 
in the sulphuric acid layer 
dark-violet streaks, which ulti- 
mately becomes brown. 


13. Ethyl alcohol, C,H,;OH 


Ethyl alcohol is a colourless, neutral, volatile and inflam- 
mable liquid having а characteristic pleasant and sweet smell. 


It is miscible with water т all proportions. 
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Preliminary tests 


Experiment Observation 


(i) Heat in.a dry test-tube 


Inflammable' vapours are 
a few drops of the liquid. 


given off and theliquid 
completely volatilises away. 


Wet tests 


Experiment Observation 


(ii) Тодојогт test: To 
a little ofthe aqueous solution 
of alcohol taken in a test-tube 
add an equal volume of a 
conc. solution of iodine in 
potassium iodide. Warm а 
little, add dropwise a dilute 
solution of caustic soda ог 
sodium carbonate + till the 
brown colour due to iodine 
vanishes and finally cool. 


A yellow crystalline ppt 
of iodoform! with a peculiar 


but characteristic odour comes 
down. Е 


Oxidation of ethyl alcohol to acetaldehyde: 
oxidation of alcohol by acid-dichromate 
as indicated under methyl alcohol. 
in either case ethyl alcohol is oxidised 
the smell of the oxidised liquid and 
by carrying out the following tests wit 


Carry. out 
(or copper spiral) 
Unlike methyl alcohol, 
to acetaldehyde. Take 
Tecognise acetaldehyde 
h the oxidised solution: 
Sa a erat! 

Experiment Observation 


(iii) Add a few drops of freshly prepared 
Schiff’s reagent to a portion of the oxidised 
solution. 


Development 
of a pink 
colour, which 
eepens gradu- 
ally. 


"This iodoform reaction is given by acetone also, see acetone for distinction 
between the two. 
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n 


Experiments : Observations 


(iv) To a little.of the oxidised solution add | Production of 
about an equal volume of a very dilute solution | w i n e-r e d 
of sodium nitroprusside and then only a few | colour. 
drops of a dilute NaOH solution. 


(v) Morphine test: Perform this test as | Y e 1 1 o w 
indicated under methyl alcohol. coloration. 


(vi) Piperidinetest: Tolc.c. ofthe | Development 
oxidised solution add about lc.c. of a very | of a deep-blue 
dilute solution of sodium nitroprusside | colour. А 
(freshly prepared) and finaly add a drop 
of piperidine. 
———_—-———-——————_ 


14. Glycerol, CH,OHCHOHCH,OH 


It is a neutral, colourless, odourless, sweet, syrupy liquid. 
. It is miscible with water in all proportions. 


Preliminary tests 


Experiments ' Observations 


. (i) Heat in a clean and dry test-tube a | The liquid 
little of glycerol. completely vo- 
latilises off, 


giving dense 
white fumes. 


No change of 
colour in the 
cold, a slight 
yellow? colour 
may develop on 
warming. 


(i) Add a little conc. H,SO, to a small 
portion of glycerol taken in a test-tube and 
finally heat it by placing in a beaker of boiling 


water. 


МАПИ 


iff an aqueous solution o 
obtained at first, which ultimae 


white fumes. 
3A distinction from sugars, whi 


charring. 


с glycerine be supplied, a syrupy residue is 
ly volatilises off completely giving off dense 


ich, under similar condition, undergo 
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Experiment Observation 


(iii) Add a little of a 3% NaOH solution | No change! of 
to a portion of glycérine taken in a test-tube colour even on 
and finally heat. ‚ heating 


Wet-tests 


Ф—— и 


Experiments 


Observations 


(iv) Acrolein test: Mix a portion of the 
given liquid? with potassium hydrogen sulphate 
or anhydrous magnesium sulphate or zinc 
sulphate. Heat the resulting mixture strongly. 


Bitingly acrid, 
i.e., tear exci- 
ting odour 
evolves. 


(v) Perform the above expt. in a test-tube 
fitted with a cork and a delivery tube and allow 
the evolved gas to pass through Schiff’s reagent, 


Pink colour 
develops. 


(vi) Dunstan's test: Add а few drops of 
phenolphthalein to a very dilute solution (1%) 
of borax, when a pink colour develops. Now 
add a little of aqueous solution of the s 
it, Heat and cool again. 


The pink co- 
lour of the 
solution vani- 
shes’, but the 
colour gradu- 
ally returns on 
heating and 
disappears 
again on cool- 
ing. 


ample to 


15. Benzaldehyde, C,H;CHO 


Benzaldehyde is a colourless, neutral. li 


quid having the smell 
of bitter almonds. 


It is very slightly soluble in water. 


!Sugars under similar 


от ш а чы 
condition exhibit change of colour, 
tinction. К 


—— 
hence a dis- 
*In case of aqueous solution use the thick viscous mass obtained by careful 
evaporation of the given solution. - 
*Though the other polyhydric alcohols and 


glucose do respond to this 
est, yet the reaction is not so pronounced as in t 


he case of glycerol. 
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| Preliminary tests 
tit dei ie i ЕВ ME ЕЕС 


Experiments Observations 


(i) Heat in a clean and dry test-tube a little | No residue. 


of benzaldehyde. 
(ii) Warm a little of benzaldehyde with | The acid. layer 
conc. Н,5О.. turns reddish- 


brown (tan). 


Wet-tests 


Experiments Observations 


А pink! colour 
develops 
slowly. 


(iii) Add a few drops of aldehyde to about 
5 c.c. Schiff's reagent and shake. 


Ht 


(iv) Dissolve a few droos of рћепућудга- 
zine in 1 c.c. of acetic acid, add a drop of 
benzaldehyde and shake. 


A . crystalline 
ppt. appears. 


(У) Add a little of the sample to 2 : 4 di- 


: Reddish-yellow 
nitrophenylhydrazine (cf. pages 118-19). 


pPt. simply on 
mixing. 

(vi) Cannizzaro's reactions: Mix a portion A white ppt. 
of the liquid with twice its volume of 30% 
casutic soda solution, gently warm and stir 
with a glass rod for five minutes. Add suffi- 
cient water and shake to dissolve out any solid 
that may separate out. Decant off the aqueous 
solution from any unchanged liquid. Acidify 
the decanted solution with conc. HCI and cool. 


An intense 
green colora- 
tion. 


| (vii) Malachite green: Take in a test-tube 
| three drops of benzaldehyde, add a drop or two 
of dimethylaniline and a small bit of anhy- 
drous zinc chloride. Heat the mixture for 
abouta minute and cool Mixin another test- 
tube 3 c.c. of ethyl alcohol with two drops of 
conc. HCl. Treat the cooled mass with this 


mixture. of alcohol and acid. 


| 

| d Е Е AS 

| 1Try reduction of Fehling’s solution, for which see the tests indicated under 
| а шашу cannot reduce Fehling's solution—2 distinction 


| from formaldehyde and acetaldehyde. 
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16. Acetone, CH,COCH, 


Acetone is a neutral, volatile and inflammable liquid. It 
is colourless and possesses a pleasant etherial odour. It is 
miscible with water in all proportions. 


Preliminary tests 


Experiments ` Observations 


(i) Heat a few drops of the liquid in a 


The liquid 
clean and dry test-tube. 


completely 
volatilises off. 


At first darken- 
ing of colour 
and ultimately 
charring 
occurs. 


(ii) Warm a few drops of the liquid with 
conc, Н,50,. ; 


Wet-tests 


Experiments Observations 


(iii) Тод o f o r m reaction: Perform this А yellow. crys- 
reaction with a little of aqueous solution of | talline ppt. of 
acetone as indicated under ethyl alcohol, iodoform with 
(page 152). 


characteristic 
Odour comes 
down. 


(iv) Iodoform reaction т Presence о, г 
weaker alkali; То a little of the МАКИ S HOW E 
solution of acetone taken in a test-tube add an | first formed 
equal volume of conc. solution of iodine іп | dissolves апі 
potassium iodide. Warm gently, add dropwise | а yellow crys- 
a dil. solution of NH,OH and shake the test- talline? ppt. 


tube. оГ. iodoform 
appears slowly 


1The formation of iodoform in presence of weak alkali ammonia dis- 
tinguishes acetone from ethyl alcohol, which under similar condition, does 
not give iodoform. 


а peculiar but . 
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Experiments Observations 


(v) Add a little of the liquid to 2:4 | Beautiful ppt. 
dinitrophenylhydrazine (cf. pages 118-19). simply on 
mixing. 

(vi) Legal's test: То 3 c.c. of an aqueous | A rub y red 
solution of acetone add a few drops of a freshly | (reddish-p и r- 
prepared dil. solution of sodium nitroprusside | p 1 e) colour 
and then a few drops of dil. NaOH solution. develops. 

(vii) Add an equal volume of Denige's| No  precipita- 
reagent to an aqueous solution of acetone in | tion in the 
the cold and then keep the test-tube in a beaker | cold, but ppt. 


of boiling water for a few minutes. appears on 
boiling the 
mixture. 


—_ 6&6—&6б6б -- 
17. Glucose, CHO(CHOH),CH;OH 


Glucose is a colourless, odourless, crystalline solid. It is 
sweet to taste, soluble in water and the solution reacts 
neutral to litmus. It crystallises from aqueous solution with one 

‚ molecule of water. 


Preliminary tests 


Experiments "Observations 


The substance melts, turns 
brown and gives off smell of 
burnt sugar. Р 

Мо charring occurs in the 
cold, which, however, takes 
place on heatig. 

The solution ^ becomes 
yellow* and ultimately turns 
reddish-brown. t 


(i) Heat a little of glucose 
in a clean and dry test-tube. 


(ii) Add a few crystals of 
glucose to cold and conc. 
H,SO, and finally heat. 

(iii) Add а solution of 
3% NaOH to а few crystals 
(or a conc. solution) of gucose 

d heat. д 
T Acidify the above reddish- 
brown solution with dil. 


HNO,. 


The solution becomes раје: 
yellow and gives off smell? of 
| burnt sugar. 


| сапе-зираг solution under similar condition gives а 


1Note the distinction: 
straw colour at the most an 
the smell of burnt sugar. 


d on acidification with HNO, does not give off 


158 


Wet-tests 


Experiments 


(iv) Molisch’s test: Take about 1 с.с. of 
aqueous solution of glucose in a test-tube, add 
two drops of a 15% solution of o-naphthol. 
Now add carefully and without shaking down 
the side of the test-tube 2 c.c. of conc. H,SO,. 


(у) Add 2c.c. of Barfoed'sreagent to abcut 
1 c.c. of the aqueous solution of glucose, mix 
thoroughly and place the test-tube in water 
kept boiling in a beaker. 


(vi) To 1 c.c. of the aqueous solution add 
1 c.c. of Fehling’s solution and subsequently heat 
the mixture. ` 


~ 


(vii) Osazone reaction: To about 10 c.c. 
of a dilute aqueous solution (10 %) of glucose 
add 2 c.c. each of phenylhydrazine and glacial 


acetic acid. Shake well and warm by placing 


the tube in water kept boiling in a beaker. 

(viii) To a solution of. glucose in a test-tube 
add lead acetate solution. Boil, add dil. 
ammonia dropwise till just sufficient to produce 
а permanent white ppt., and boil again. 
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Observations 


A blue or vio- 
let colour at 
the junction of 
two liquid 
layers. A 


A red ppt. 
comes down. 


A. yellow ppt., 
which gradu- 
ally turns red 
Comes down. 


A. yellow mass 
crystallises ош 
of hot solution. 


The ppt. be- 
comes salmon- 
pink in colour. 


М.В. If in Osazone reaction phenylhydrazine hydrochloride 


(or sulphate) be used instead of phenylhydrazine 


replace acetic acid by sodium acetate. 
each of NaAc and hydrochloride (or sulphate), 


itself, 


Take in that case 3 gms. 
dissolve in water, 


warm and filter, if necessary. Use this solution for osazone 
reaction instead of phenylhydrazine and acetic acid. 


18. Cane-sugar, C,,H;,O,, 


Cane-sugar is a colourless crystalline solid. 


It is sweet to 


taste, soluble in water and the solution reacts neutral to 


litmus. 
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Preliminary tests 


Experiments Observations 


The substance first melts, 
then turns brown and gives off 
smell of burnt sugar. 


(i) Heat in a dry test-tube 
a little of cane-sugar. 


Immediate charring occurs 


(ii) Add conc. H;SO, to a 
even in the соја: . 


little of solid cane-sugar. 


(а) Мо change in ? 
colour, a straw-yellow 
colour may develop at the 
most. 


(ii) (а) Heat a conc, solu- 
tion of cane-sugar with 3% 
NaOH solution. 


(b) No smell of burnt 
sugar. 


(b) Acidify the а bove 
mixture with dil. HNO;. 


Wet-tests 


Experiments Observations 


(iv) Molisch's tests: Perform as in the case 
of glucose [page 158, expt. -(iv.)] 


А blue or vio- 
let colour at 
the junction 
of two liquid 
layers. 


No change in 
colour of the 


ppt. 


(у) To a little of the solution of cane-sugar 
add a solution of lead acetate and boil. Add 
dil. ammonia dropwise till just sufficient to pro- 
duce a permanent white ppt. and boil further. 


_(vi) Reduction of Barfoed's reagent: Try 
this reaction w i t h cane-sugar solution as 
indicated under glucose [page 158, expt. -(у).] 


No. ppt. 


(vii) @ Reduction of Fehling’s solution: | No. ppt. 
Try this reaction with a solution of cane-sugar 


as indicated under glucose [page 158, expt.-(vi).] 


1 2Note the distinction from glucose and lactose. 
*Note the distinction from glucose and lactose. The ppt. in the case of 
glucose or lactose changes colour. 
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Experiments Observations 
——____--- 

(b) Boil for a few пипшез а little of cane- | Red ppt. of 
sugar solution with dil. HCl or sulphuric acid. | cuprous oxide 
Now make the solution alkaline with caustic | comes down. 
soda solution (test with red litmus). Add a 
little of Fehling's solution to the above alkaline 
mixture and finally heat on water both. 


(viii) Seliwanoff's reaction: То 2 с.с. of the | А deep wine- 
solution of cane-sugar add 2 c.c. of conc. | red colour, 
НСІ and а rice grain of resorcinol. Place the | which is usu- 
test-tube in boiling water for two minutes. ally followed 

Ы Бу а ppt. deve- 
lops. The ppt., 
if appears, dis- 
solves in  al- 
cohol yielding 
a deep wine- 
red solution. 


19. Lactose, C,,H,,0,, 


It is a crystalline solid. It is soluble in water and the solution 
reacts neutral to litmus. It crystallises in rhombic prism with 
one molecule of water. It is sweet to taste but it is the 
least sweet sugar. 


Preliminary tests 


Experiments Observations 


(i) Heat in a dry test- 


tube a little of the solid. The substance first melts 


and then turns brown giving 
off smell of burnt sugar. 


(ii) (a) Add a little of cold а) м : 
conc СОА ег I o change in the 
the sample. 
(b Warm the above 


b 
mixture to about 100°С. (0: Gasos аге evolved and 


the mixture turns black. 
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weet е a ое а ЦЕВ ОЕ m 


Experiments 


Observations 


(iii) @ Add a little of'a 
3% solution of caustic soda to 
a.conc. solution of lactose and- 
just warm for a minute. - 


(b) Heat further. 


(c) Acidify the above 


(a) No change in colour. 


(b) Solution becomes yel- 
los and ultimately brownish- 
red. 5 


(c) Solution becomes 


mixture with dil. HNO,. " colourless and a smell of burnt 
sugar is given off. 


West-tests 


Experiments 


Observations 


(iv) Molisch's test: Зее 
glucose [Page 158; expt. -(iv)]. 


(у) Reaction with lead 
acetate: See glucose [page 158, 
expt. -(viii).] 


(vi) Try Reduction of 
` Barfoed’s reagent: See glucose 
[Page 158; expt. -(v).] 


(vii) Reduction of Fehling’s 
solution: Sce glucose [page 158, 
expt. -(vi).] 


(viii) Q saz o n e formation 
reaction: Same as in the case 
of glucose [see page 158, expt.- 
(vii)] with the only difference 
that after warming for 15 minu- 
tes the test-tube should be taken 

- out from boiling water and 
allowed to cool. -` 


1Pistinction from glucose. 
?Distinction from cane-sugar. 


11 


A blue or violet colour at 
the junction of t w o liquid 
layers. 


The ppt. turns pink. 


No reduction’, indicated by 
the absence of a red ppt. . 


Red ppt.?. 


Yellow crystals separate out 
on cooling}. 5 
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26. Starch (C,H,,0,)n 


Starch is a tasteless, odourless, white amorphous powder. 
It is insoluble in cold water. But, if boiled with water, it forms 


gelatinous mucilage, which yields a hazy* solution on dilution: 


and the solution reacts neutral to litmus. 


Preliminary tests - 


Experiments Observations 


(i) Heat in a clean and | Charring occurs, odour of 
dry test-tube a little of solid | burnt wood or leather is given 
starch. ^ off. : К 


(ii) Heat with conc. H,SO, | Rapid charring with 


a little of starch taken in a test- | tion of. gases takes place. 
tube. 


evolu- 


———————— ÓÉ—— 


Wet-tests 


LEM ҮН XD. ET | T 
Experiments Observations Ў 

(Hi) Molischs test: Зее | А blue or violet colour at 
glucose [page 158, expt. -(iv)]. the junction of two liquid 

ayers. 

(v) Try Reduction of | No red ppt. 

Barfoed's reagent: See glucose 
[page 158, expt. -(v)]. 

() Try Reduction of |. No red ppt. 
Fehling's solution: See glucose 
[page 158, expt. CGi)]. 

(vi) Add a drop of a dil. 
-solution of iodine in potassium 
iodide to about 1 c.c. of the 
solution of starch taken in a 
test-tube. 


а с. 


21. Aniline, C,H,NH, 


A blue colour develops. 


Freshly distilled aniline is a colourless, 
turns brown on exposure to light and air 
this reason that aniline is often found to 


oily liquid. It 
and it is for 
be present in 


*There is a variety, which gives clear solution on boiling with water, 
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It is slightly soluble in water 


but it forms with acids, crystalline salts, which are soluble in 
water. It has a characteristic nauseating odour. 


Preliminary tests 


Experiment 


(i) Heat in a dry test-tube 
a little of aniline and ignite the 
the issuing gas. 


Observation 


The substance completely 
volatilises away. 

The evolved .vapours burn - 
with a smoky flame. 


' Wet-tests 


ии 


2 


Experiments 


Observations 


(ii) Add a solution of 
bleaching powder to a dilute 
solution of aniline or of one of 
its salts. 


(iii) Take a drop of ani- 
line itself (or a diJute solution 
of aniline salt) and add dis- 
tilled water to make the test- 
tubé almost full. Shake and 
add bromine water little by 
little. j 


(iv) Diazo reaction and coup- 
ling: See page 124, expt: -(f). 


(у) Carbylamine reaction: 
See page 124, expt.-(e). 


Purple-violet colour, which 
turns green on standing. 


A copious white ppt. 


An immediate brilliant 
scarlet-red ppt. or coloration. 


A. characteristic obnoxious 
odour. 


——————— —— 


22, 


Dimethylaniline, C,H;N(CH,), 


Freshly distilled  dimethylaniline is а colourless, oily 
liquid. It is insoluble in- water and has a characteristic 


nauseating odour. 
soluble in water. 


It forms salts 


with acids, which are 
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Preliminary tests 


Experiment 


Observation 


G) Heat in a dry test-tube a little of the 


"наша. 


Wet-tests 


Experiments 


(ii) Dissolve a little of the liquid in dil. 
Cl and add a little of a solution of potassium 

ferrocyanide; 

Boil thé above mixture. 


(ii) Formation ofmalac hite green: See 
benzaldehyde, page 155, expt. -(vii). 


under tap. In another test-tube take a few 
drops of aniline and dissolve itin dil. НСІ. Cool. 


The liquid 
completely 

volatilises 
away. 


Observations. 


A white сгуз- 
talline ppt. 
appears. 


The, ppt. dis- . 


solves. 


‘Same as with 


benzaldehyde. 


A beautiful 
Tose-red colour 
develops. 


and add in portions an aqueous solution of sodi-| . 


um.: nitrite. Cool the solution again and pour 
а little of it into the first (ie., solution of 
dimethylaniline in HCI) solution and allow to 
Stand. * > 


nitrite. 


(b) Filter, if any ppt. and add on to 
the ppt. a little of a dil. solution of caustic 
soda. If, on the other hand, no ppt. be 
obtained on addition of sodium nitrite, make 
the solution alkaline by adding dil. solution 
of caustic soda. 


(à) A red 
colour (some 
times а, white 
Ppt.) develops. 


(b) The ppt. 
turns green; 
or, 


à green solu- 
tion results, 
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: у NEL 
23. Urea, O = « 
NH, 
Urea is a colourless, crystalline solid, highly soluble ‘in 
water. 


Preliminary tests 


Experiments Observations 


Smell of ammonia is per- 
ceived, and on strong heating 
a white sublimate is formed on 
cooler parts of the test-tube. 


А pink or violet colour 
/ develops.- 


(i) Heat a small quantity 
of urea in a clean and dry test- 
tube. 


(ii) Heat gently about th 
inch layer of the solid, until 
the melted mass just solidifies, 
when taken out of the flame. 
Cool, dissolve*the residue in 
1 c.c. of dilute caustic soda 
solution by shaking and warm- 
ing. Cool and finally add a 
drop or two of a very dilute 
copper sulphate solution. 


Wet-tests 


Experiments . Observations 


(а) Е ferves- 


(iii) (а) Acidify a.portion of the solution 
cence takes 


of urea with dil. НСІ, add about 3 c.c. of a 
21% aqueous solution of sodium aiitrite and | place. 
shake. ў 

(b) Take a drop of baryta water at the | (Б) Baryta 
tip of a glass rod and hold it over the mouth | water turns 
of the test-tubz. - milky. 

(v) Take a little of the solution of urea | А white crys- 
in a test-tubs and add about 2 c.c. conc. nitric | talline ppt. 
acid to it. Concentrate! the mixture by boil- | appears; ppt. 
ing and cool. is soluble in 
А water. 

(у) Take a little of the solution of urea. | А white crys- 
Add conc, solution of oxalic acid to it. talline ppt. 
Concentrate! by boiling and cool. sparingly solu- 
ble in water. 


1ff concentrated solution of urea be taken, further Concentration by ` 
boiling is unnecessary; ppt. will appear simply on cooling the hot mixture. 
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24. Benzene, C,H, 


Benzene is a colourless, neutral, volatile liquid. It possesses. 
а peculiar odour. It is inflammable and burns with a sooty 
flame. It is immiscible with water. 


Preliminary tests 


Experiments 


Observations 


(i) Heat а small quantity 


The liquid completely vola- 
of the liquid in a dry test-tube. 


tilises off. , 
Ignite the issuing vapours. The vapours burn with а 
smoky flame. 


(i) Add conc. HSO, to 


No change! in colour. 
а portion of the liquid in cold. 


Wet-tests 


Experiment 


Observation 


(iii) Add slowly and drop- 
wise 2 c.c. of the given liquid 
to twice its volume of sulphu- 
ric-nitric acid mixture (conc. 
HSO, and conc, HNO, are to 
be mixed in the proportion of 
2:1 by volume) taken in a 
small beaker, which is kept 
cold by placing in a bath of 
cold water. Shake the acid 
mixture while adding the given 
liquid. When addition is over, 
heat the mixture for about 
five. minutes on a water-bath 
and pour it into an excess of 
water. ` 


Oily drops having the odour 
of bitter almonds Separate out. 
The oil is yeilow in Colour and 
being heavier than water 
collects at tte bottom of the 
vessel under water. 


*Commercial-benzene (impure benzene 
of thiophen C,H,S as an impurity. 


) may turn trown due to presence 
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25. Nitrobenzene,. CHNO, 


Nitrobenzene is а pale yellow oily liquid. It resembles the 
smell of oil of bitter almond. It is immiscible with water. 


Preliminary tests 


Experiments Observations 


The liquid completely уоја- 


(i) Heat a small quantity | Th 
tilises away giving off vapours!. 


of the liquid ina test-tube. 


(ii) Mix a conc. solution | The, colour darkens. ' 
of caustic soda with a portion 
of the liquid in a test-tube and 


heat the mixture. 


Wet-tests 


Experiments Observatins 


(iii) Mulliken and Barker's 


A black or grey ppt. 
test: See page 124. - 


(iv) Reduce with tin and 
hydrochloric acid and then 
х perform: 


(а) А characteristic obnoxi- 


(a) Carbylamine reaction 
ous odour. 


and 


(b) A brilliant scarlet-red 


.(b) Diazo-reaction and 
ppt. or coloration. 


‘coupling. See page 124. 


а рог! inhale, as it is poisonous. 
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26. Chloroform, СНСЬ 


Chloroform is a colourless, volatile, non-inflammable liquid. 
It is neutral to litmus and possesses a sweet sickly smell. It 
is-practically insoluble in water. 


Preliminary tests 


Experim ents- -Observations 


@ (a) Heat a small quan- 
tity of chloroform in a dry test- 
tube. 


The liquid 


completely 
volatilises off. 


(b) Allow the issuing 
‘vapours to come in contact 
with 2 non-luminous Bunsen 
flame. 


- The flame becomes green 
in colour. 


Wet-tests 


Experiments 


Observations 


(ii) Add Fehling's solution 
to а small quantity of chloro- 


form and warm with constant 
Shaking. 


A. yellowish-red ppt. comes 
down. 


(iii) Take a little of pow- 
dered resorcinol in a test-tube, 
add a few drops of chloroform 
to it. Now add about 1 C.c. 
of a strong solution of caustic 
soda and warm gently, 


A. brilliant red c olour 
develops in the aqueous layer. 


(iv) Perform Carbylamine A characteristic obnoxious 
reaction : odour, 


See page 124, expt.-(e). 


— 


СНАРТЕВ И 
IDENTIFICATION OF AN ORGANIC SAMPLE 
(containing one of the commonly known compounds) 


The sample supplied may be a pure solid or liquid or its 
aqueous solution or a solution of its salt. 


Introduction 


Keeping in view the limitations of the syllabi of different 
universities, which include the detection of one of the common 
organic compounds, the discussion here will be confined to the 
treatment of compounds listed below: 


(а) Methyl alcohol, (5) Ethyl alcohol, (c) Acetone, (4) Aniline, 
(e) Dimethylaniline, (f) Acetic acid, (g) Formic acid, (й) Benzoic 
acid, (i) Salicylic аса, (у) Oxalic, acid, (К) Citric acid, (1) Tartaric 
acid, (m) Succinic acid, (п) Cane-sugar, (0) Glucose, (p) Lactose, 
(а) Starch, (r) Chloroform, (s) Benzene, (t) Phenol, (и) Glycerol, 
(v) Benzaldehyde, (w) Nitrobenzeue, (x) Betanaphthol, (у) Urea. 


3 SAMPLE. = 
Дл Liquid 
Pure organic Salts Pure organic Solution 
compound compound | 
Benzoic acid, Salts *of Methyl alcohol, Aqueous 
Salicylic acid, acids, Ethyl alcohol, solution of salts* 
Oxalic acid, aniline, Acetone, Aniline; and of all pure 
Citric acid, dimethyi Dimethylaniline, organic 
Tartaric acid, aniline, _ Acetic acid, _ compounds 
Succinic acid, . urea, Formic acid excepting the 
Cane-sugar, and of Chloroform, following: 
Glucose, Lactose, phenols. Benzene, Phenol, Benzoic, Salicylic, 
Starch, Urea, Glycerol, Succinic 
Betanaphthol. Benzaldehyde, > Betanaphthol, 
* Nitrobenzene. Aniline, 
Dimethylaniline, 
Chloroform, 
Benzene, 
7 Benzaldehyde, 
: Nitrobenzene: 


MH M ——— 

- *By salts sodium, potassium or ammonium salts of ‘the acids, 
hydrochloritles and sulphates of amines, nitrate of urea and alkali salts of 
phenols are meant here. 
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If, therefore, the given sample be a solid, then methyl ` 
alcohol, ethyl alcohol, acetone, chioroform, glycerol, benzal- 
dehyde, benzene, nitrobenzene, free formic and acetic acids, free 
aniline and dimethylaniline are definitely absent. 

1f, on the other hand, the sample given for analysis be in 
the liquid state (a pure liquid or an aqueous solution of a liquid 
or solid), then any one of.all the above compounds or a 
salt of one of them may be present. But when an aqueous 
solution (if their be any such positive hint or direction) is 
given for analysis, benzene, benzaldehyde, nitrobenzene, 
chloroform, free aniline and dimethylaniline are definitely 
absent. This is because of the fact that these compounds are 
insoluble in water and consequently immiscible with it. Note 

also that phenol and betanaphthol are sparingly soluble in 
water. Besides, succinic acid is moderately soluble in cold water. 
Benzoic acid and salicylic acid are sparingly soluble in cold 
water but readily solubie in hot water. With hot water starch 
gives 2 hazy solution (there is also a soluble variety of starch, 
which gives a clear solution in water) and when a portion of it 


is treated with a drop of iodine the colour of the solution changes. 
to blue black. 


Colour, odour and solubility of the given sample may serve 
an indication as to the presence or absence of one or the other 
compound. Nitrobenzene, for example, is a pale yellow oily 
liquid and, in fact, of the substances included in the list it is the 
only coloured substance. It should, however, be noted that 
phenols and amines are often found to possess various shades 
of colour. This is either because of the presence of impuri- 
ties in the sample or due to some foreign substances being 
formed by aerial oxidation of the pure substance. Odour of an 
organic compound may sometimes indicate the nature of the 
compound and thus acts as a guide. Alcoholic smell, for 
example, indicates the presence of „either methyl or ethyl 
alcohol. Besides, acetone, acetic acid,’ aniline, chloroform, 


benzene, benzaldehyde, nitrobenzene, phenol, Gimethylaniline, 
etc.—all have characteristic odour. 5 | 


Behaviour of the organic sample towards litmus paper also 
gives a positive indication regarding the nature of the substance. 
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If acidic, the sample given for analysis may contain free 
acids (e.g, formic, acetic, oxalic, etc.) ácid salt, some 
ammonium salts of organic acid, phenol, salts of aniline, dimethyl 
aniline and of urea. Ae 

If no action on (or neutral to) litmus, the sample may contain 
alcohols, acetone, chloroform, benzene, starch, benzaldehyde, 
betanaphthol, nitrobenzene, glycerine, sugars, urea, aniline, 
dimethylaniline and normal sults of acids. | 


If basic, the sample may contain some salts specially 
those of sodium and potassium of weak organic acids and 
phenolates. 


Scheme 


Before entering into actual analysis, the physical charac- 
teristics of the sample must be noted. Observe whether the 
sample is a solid or liquid and note its colour and odour. 
Observe whether the sample is soluble in water or not and note 
the behaviour of the resulting solution or suspension towards 
litmus paper. Observe the solubility of the sample in dilute 
solutions of sodium bicarbonate, sodium hydroxide апа 
hydrochloric acid in succession. Jn the case of Паша sample 
(a pure liquid or solution of а solid or liquid) observe also the 
change that may occur when a portion of the given liquid is 
carefully evaporated to dryness and draw the inference therefrom. 


After the completion of the above introductory observations 
either the procedure A or the procedure B, whichever is applicable, 
is to be followed. . 


Follow the procedure А, whenever a solid sample is given 
or if the given liquid sample (a pure liquid or solution of a 
solid or liquid) leaves a residue on careful evaporation. 
Sufficient informations being obtained thereby. the next step in 
this type of qualitative analysis is to carry out the necessary con- 


_firmatory reactions in order to detect the compound already 


suspected. 


If, however, no residue is obtained on careful evaporation. 
of a portion of the given liquid, follow the procedure B. 
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iniroductory Experiments 


Experiments 


Observations: Inferences 


Y. Note the state of aggre- 
gation, colour and odour of 
the given sample. 

It. Shake a portion of the 
sample with a little water in 
a test-tube. 


IH. Test the resulting 
. aqueous solution or suspen- 
Sion obtained in above expt. 
(i.e., expt. -П) with litmus 
paper. ‘ 


If the substance is sparing- 
ly soluble (expt.-IT) in cold 


water and the resulting mix - 


ture reacts acidic (expt. 
heat the mixture. 


-Ш). 
IV. Repeat the expt.-II 
by dilute solution of : 

(c) hydrochloric acid in s 


Р Observations 


(a) Substance | (a) W a € e r- 

dissolves. soluble subs- 
tances. 

(b) ` Substance | (b) W a t e r- 

does not insoluble or 

dissolve. immiscible 
substances. 

(a) Blue litmus (а) Acidic 

turns red. substances. 

(b) Red litmus | (6) Basic" 

turns blue. substances. 

(с) No action | (с) Neutral 

on litmus | substances. 

paper. 

The. substance | Benzoic acid 

dissolves. salicylic acid. 


as stated above, 


substituting water 
(a) bicarbonate, (b) caustic soda and 
uccession. 


Inferences 


(а) @ Substance dissolves 
(ii) Oil separates out 
(b) (i) Substance dissolves 


(ii) Oil separates out 
(iii) Brown resinous mass 
on slight heating 
(c) @ Substance dissolves 


(ii) White ppt. 


(iii) Oil separates out 


(i) Water-soluble substances, . 
Benzoic acid and Salicylic acid. 
Gi) Amine-salts. К 
(i) Water-soluble substances, 
Bicarbonate ‘soluble ' substances, 

phenol and Betanaphthol. 
(i!) Amine-salts, Benzaldehyde. 
(iii) Carbohydrates. 


(i) Water-soluble substances, 
niline and Dimethylaniline. 

(ii) Benzoate, Salicylate, Succi- 

nate and salt of Betanaphthol. 

(iii) Salt of Phenol, 


——— —À EM GS 


'formic and acetic), salts of 
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V. Whatever be the nature of the sample, if it is supplied 
in the liquid state (a pure liquid or its solution or solution of 
a solid), evaporate a portion of the sample to dryness by careful 


‘heating in a clean basin over a small flame. А liquid sample 


(pure liquid or its solution or solution of a solid) may leave on 
evaporation: _ 0 > 


(i) Solid residue (ii) Syrupy (HI) No 
residue. residue. 
(a) Sample, if reacts acidic; | (a) Sample | (o Same 


reacts slightly 
acidic (almost 
neutral; phe- 
поје. 


reacts neutral 
to litmus, 
methyl alco- 
hol, ethyl 
alcohol, 
acetone, chlo- 
rofor m,* 
benzéne,* 
nitrobenzene, * 

benzaldehyde, * 
glycerine’, ani- 
line,** and di- 
methylaniline*. 


free organic acids (excluding 


aniline, dimethylaniine and 
of urea, amonium acetate. 


(b) Sample 
reacts neutral; 
glucose, cane- 
sugar, lactose, 
starch, 
glycerine?. 


(5) Sample 
reacts — acidic; 
acetic acid 
formic acid, 
Вепо 1 
(slightly acid). 


(b) Sample, if reacts neutral; 
urea, salts of acids. 


(c) Sample if reacts alkaline; 
phenolates and sodium- 
potassium salts of wea k 
organic acids. 


1Urea is a very weak base. 

зРћего! is partially soluble in water and the aqueous solution leaves a 
reddish syrupy residue on evaporation. But pure phenol on strong heating 
volatilises away completely and the characteristic ‘carbolic odour’ is given 
off. 

»The residue ultimately volatilises away, dense white fumes are evolved 
(leaving simply a black streak). 

4 Pure aniline volatilises away completely, giving off white choking fumes, 
which, if burnt produce a sooty flame. 

*Marked samples are immiscible with water. 
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Sample given is a solid or the given liquid sample lea ves a residue 


on careful evaporation. 


In such a case perform at this stage the following prelimi- 
nary experiments more or less in the order given below. 


Expt. I. 


Observations 


Heat a little of the given solid or residue obtained 
on evaporation gently in a hard glass test-tube. 


Inferences 


Pa 
(а) No charring, but gives off odour of: 
р (i) ammonia 
Li 


(ii) aniline (like) 


- (iii) phenol 


(iv) vinegar 
(v) irritating “fumes 
(vi) irritating fumes 
odour 
{b) Charring occurs with the evolution of: 
(i) smell of burnt sugar x 


having aromatic 


(ii) Smell of burnt wood or leather 

(Ш) acrid vapours Я 

(iv) the substance chars slightly and 
yields a white sublimate. 


Urea, ammo- 
nium salts of 
acids. 
Salts of aniline 
or  dimethyl- 
aniline, 


Phenate, sali- 
cylate. 

Acetate 
Succinate 
Benzoate 

Sugars (glu- 
cose, sucrose, 
lactose), tar- 


trate. 

Starch 

Citrate 

Salt of aniline 


Expt. П. Warm a portion of the solid or the residue or the 
concentrated solutio: 


Observations 


(i) Acid fumes with pungent odour are 
„evolved. j 
(ü) Acid. fumes having 


the odour of 
vinegar are evolved. Е 


n* with dilute sulphuric acid in a test-tube. 


Formate 


*If the sample given for analysis be a solution, which, on acidification with 


Inferences 


Acetate 


dil. H,SO,, gives a white ppt., then the sample in all probability is either a 


benzoate or а salicylate. 
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Expt. НІ. Repeat the above expt. (i.e., expt. -II) with conc. 
sulphuric acid instead of dilute acid. 


Observations Inferences 


Sugars, Tar- 


(a)- Immediate blackening occurs and the 
trate, Starch. 


substance gives off gases. 


Citrate, sali- 


(b) No immediate blackening, which occurs 
cylate. 


only slowly with the evolution of gases. 
(c) Мо blackening at all. 


(i) The evolved gas burns with a blue 
flame at the mouth of the test-tube. У 

(ii) The evolved gas when passed | 
through lime water, the latter turns milky. 


Formate 


Oxalate 


(a) Benzoate; 


(iii) Acid fumes having (a) irritating 
(b) Acetate 


aromatic odour, (b) odour of vinegar are 
evolved. Я 


Expt. IV. Mix the solid or the residue obtained on evapora- i 
tion with 3-4 times of its weight of dry sodalime and heat the 
resulting mixture strongly in a hard glass test-tube. Y 


Inferences 


Observations 


(i) Odour of benzene, the evolved vapours 


Berizoate 
burn with a smoky flame. : 


(ii) Odour of amnionia is evolved. Urea, ammo- 
nium salts, 
(iii) Odour of phenol is evolved Phenol, 
salicylate. 
Salts of aniline 
and — dimethyl 
aniline. 


(iv) Vapour having àniline like odour is 
evolved. 
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Expt. V. Heat the solid or residue with zinc dust in a hard 
glass test-tube. 


Observations Inferences 


(i) Vapours smell like petrol and burn | Phenol 
with a sooty flame. 


(ii) Smell of naphthalene evolves and a | Betanaphthol 
white sublimate gets deposited on the cooler 
parts of the test-tube. 


Wet Reactions un У 

When the preliminary observations (i.e., physical character- 
istics, action towards litmus, etc. and preliminary reactions) 
indicate the presence of salts of aniline or dimethylaniline proceed 
directly with the reaction under expt. -(iv) in page 163 and 
expts. -(ifi), (iv) and (v) in page 164 to confirm | its presence. 
Similarly; whenever the presence of any one of the carbohy . 
drates or glycerol is indicated in the preliminary observations 
(namely neutral action towards litmus, syrupy résidue on evapo- 
ration, charring, ctc.), carry out Molisch’s test. 

If Molisch's test is positive,—perform the fests for indivi- 
dual carbohydratés (pages 180-181). 

If it is not positive, test for glycerol [expts. -(iv) and (vi) in 
page 154]. But in absence of such positive indications, the 
wet reactions as a method of routine analysis should be carried 
out with the neutral and concentrated solution. 

Carry out the wet reactions with the neutral or neutralised 
(for the procedure of neutralisation see page 135 along with 
the foot-note given there) solution more or less in the order 
stated below. 


Expt. I. To a little of the solution taken in a test-tube add 
dilute sulphuric acid. 


Observation Inference 


Aw hi te crystalline precipitate, which Benzonate, 
dissolves on boiling but reappears on cooling, | Salicylate 
is obtained. 


Expt. П. To a little of the solution or suspension-taken 
in a test-tube add a drop or two of a freshly prepared neutral 
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/ 
ferric chloride solution and note immediately the change ofc olour 
that might have taken place. 


Observations 


Inferences 


(i) Red colour is developed Formate, 


Acetate. 
(i) Violet colour is developed— 
(a) Colour discharged on addition of | Phenol 
acetic acid. 

(b) not discharged: by acetic acid. 
(ту *A green coloration and afterwards 

a flocculant ppt. "з 
(iv) А buff-coloured precipitate— 
(a) buff-colour disappears and instead 
a white crystalline ppt. appears on 
acidifying with dil. HCI. 
(c) buff colour disappears but no 
white ppt. 


Salicylate 
Betanaphthol 


Benzoate 


Succinate 


Expt. Ш. To a portion of the neutral solution and ап equal 
volume of calcium chloride solution. 


Observations Inferences 


(i) An immediate white ppt. whicli does 
not dissolve in acetic acid. 


‘Oxalate 


(ii) A. sand-like ppt. on shaking and | Tartrate, 
scratching the inside of the tube— succinate 
(a) ppt. insoluble in acetic acid: Mesotartrate 
| (b) ppt. soluble in acetic acid Succinate 
| d-tartarate), 
| (iii) No ppt. even on shaking and scratch- | Citrate 


ing but on boiling only. 


Expt. ТУ. Add cadmium chloride solution to a portion of 
the neutral solution taken in a test-tube. 


Observations Inferences 


(i) Preciptaition occurs in cold or on | Citrate 
heating—ppt. is white and gelatinous. 

(ii) Precipitation occurs specially after 
heating—ppt. is white and crystalline. 


Oxalate 


*The colour becomes more pronounced, when the test is carried out. with 
alcoholic solution. 


A.C.-12 
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Expt.-V. Add an equal volume of Denige's reagent to a 


little portion of the original solution* (taken in a test-tube) in 
the cold. 


Observations Inferences 


(а) An immediate white ppt: 
G) which dissolves on boiling Benzoate, sali- 


cylate. 


Gi) which does not dissolve on boiling | Oxalate 
(b) No precipitation in the cold but | Formate, 
precipitate appears on boiling the mixture. acetoney 
(i) white sandy ppt. which comes | Formate 
down during the course of boiling. 
(c) No precipitation even on boiling the 
mixture, but 
(i) a white ppt. or turbidity appears on | Citrate 
adding to the hot mixture a drop or 
two of a 2% solution of potassium 
permanganate, the colour of which 
is discharged. 
(ii) colour of permanganate is not dis- Succinate, 


charged and no ppt. or turbidity acetate, urea. 


comes down. 


Expt.-VL Сагу out Molisch’s test as indicated 
in page 158. 


under glucose 


Observation 


` A blue or violet colour at the junction of two | Carbohydrates 
liquid layers. 


*If a solid sample be giv*n, shake about one gram of the solid with 10 с.с. 
water, heat and filter, її гесеззагу. 

+ Acetone on evaporation leaves no residue, hence the case of acetone does. 
not arise here at all. 
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Sufficient indications having veen obtained about the 
possibility of one substance or the other, the next step in 
qualitative analysis is to recognise the substance by carrying 
out the individual characteristic reactions. But it should be 
noted here that certain substances (e.g., oxalic, citric, etc., and 
so also their salts) do not require any additional test. If such 
a substance be supplied for analysis the reaction stated earlier 
will stand as a sufficient proof for its presence. 

Carry out one or more of the following experiments as may 
be necessary to confirm the substance already suspected: 

(i) If a formate or acetate be indicated, (a) try Ве reaction 
with mercuric chloride [pages 137,138; expt.-(VI)]. 

(а) А white ppt.—Formate 
(5) No white ppt.—Acetate 

(B) Perform the reaction with silver nitrate [pages 137, 138: 
expt.-(V)]. . 

(a) A black ppt. comes down or the solution turns black— Formate 

(b) A white ppt., which does not turn black on boiling— Acetate; confirm 
by cacodyl oxide test (page 137). 

(ii) In case of Phenol, (а) try the reaction with bromine 
water [page 147; expt. -(IV)]. 

(8) Carry out Liebermann’s reaction (page 147) with a drop 
of the given pure liquid (or a little of its concentrated solution). 

(iii) Betanaphthol: Мое that the ferric chloride test 
described earlier will stand as a sufficient proof for the presence 
of B-naphthol, since no compound (included in the list) other 
than this produces a green colour with ferric chloride solution. 
If, however, a green colour is produced with ferric chloride, 
adduce further evidence by performing the expts. -(IV), (V) and 
(VI) described under betanaphthol in page 149. 

(iv) When salicylic acid or a salicylate is indicated, (a) carry 
out the reaction with bromine water [page 146; expt.-(VI)] and 
then (8) confirm by carrying out oil of wintergeen test [page 146; 
expt.-(IV)] with 0-1. of the solid (original solid or the residue 
obtained on evaporation of the given solution). 

(v) If Succinic acid or a succinate be indicated perform the 
Fluorescein test (page 140) to confirm your findings. 
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(vi) If tartaric acid ог a tartrate be indicated, try the 
Mirror test and Fenton's test (page 142) to confirm. its 
presence. 


(vii) When. urea ог an ammonium compound or a salt of 
amine (aniline or dimethylaniline) 15 indicated, (a) warm a 
portion of the original solution (or the given solid) with sodium 
hydroxide solution. 


(а) Strong punzent smell of ammonia—ammonium compounds or urea. 

(5) Aniline like odoir—salt of aniline or dimethylaniline; distinguish 
one ámine from the other by carrying ot individual characteristic reactions 
with portions of the given solution (or with portions of the solution of the 
given solid in. water)—Diazo-reaction (page 124) for aniline; formation of 
azo-colour, p-nitroso dimethylaniline and malachite green (page 164) for 
dimethylaniline. 

(В) If smell of ammonia be perceived on warming with 
sodium hydroxide, try the reaction with nitrous acid [page 165; 
expt.-(III)]. 

(a) Effervescence occurs, evolved gas turns lime water or baryta water 
milky—Urea, confirm by Biuret reaction [expt.{I}] and by expts.-(IV) & 
(V) described in page 165. 

(b) Lime water or baryta does not turn milky—ammonium compound. 

(vili) Examination 'of carbohydrates: ТЕ the Molisch's test 
is positive, try the following reactions with portions of given 
solution (or aqueous solution of the given solid). 


(а) Reaction with a dil. solution of iodine in potassium 
iodide [page 162; expt.-(VI)]. i 

—а positive result—S¢ rch. 

(b) Reduction of Fehling's solution [page 158; expt.-(VI)]. 


(а) Reduction takes place, there appears a red ppt. of cuprous oxide— 
Glucose or lactose*. 
(8) No reduction, indicated by the absence of a red ppt. 
—cane-sugar ог starch. 
ea RED ан = пе ла“ e ee ee de e 
*Cane-sugar solution, if kept for sometims undergoes inversion and hence 
a red ppt. may sometimes be obtained even when no Blucose or lactose is 
present. In such a сазе add an excess of Fehling's solution and boil till the 
precipitation is complete. Filter off the ppt. Make the filtrate acidic with dil, 
HSO, or HCl. Вой for a few min ites and add caustic soda till the mixture 
becomes alkaline (test with litmus). Now add a little more of Fehling's 
solution and warm on water-bath, when a red ppt, indicates сапе-зираг ог 
starch. 
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(c) If there is reduction of Fehling's solution, perform the 
reaction with: Barfoed’s reagent (page 158). 
(а) Reduction takes place, а red ppt. of cuprous oxide comes down— 


Glucose. 
(В) Мо reduction—Lactose, adduce further evidence by performing the 


expt.-(VIIL) descrihed in page 161. 
(d) ТЕ there is по reduction of Fehling's solution, try 


hydrolysis and subsequent reduction of Fehling's ‘solution [page 
160; expt. (VII) 5.] 

—Red ppt. of curprous oxide, comes down— Cane-sugar, adduce further 
evidence by performing Seliwanoff's reaction (page 160). 

(ix) Glycerol; When glycerol is indicated, confirm by per- 
forming acrolein test and. Dunstan's test (page 154). 


Procedure B 


A liquid (pure liquid or its solution) is given for analysis and the 
same on evaporation leaves no residue. 

The substances that come under this class are: 

(i) Methyl alcohol, ethyl alcohol, acetone, formic acid, 
acetic acid and glycerine.* 

(ii) Chloroform, benzene. benzaldehyde, nitrobenzene, 
aniline, dimethylaniline and phenol.* 

All the above compounds save and except glycerine possess 
a characteristic odour, with which the students must have an 
acquaintance through practice. 

Of the above substances the first six are soluble in 
water, ie. they mix with water in all proportions but the 
rest are insoluble in water and hence, when shaken with 
water and allowed to stand separation of two layers occurs. 
Moreover, some of these substances react neutral, and 
some acidic towards litmus paper (see the case of mo residue 
under experiment-V,; page 173, decribed in introductory 
expzriments). 

When the presence of any one of the above substances is 
indicated by introductory experiments (ре, by its solubility, 
action towards litmus, characteristic colour, odour etc.) 


*Phenol and glycerine may sometimes evaporate away leaving no residue 
bat a faint stain. 
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described earlier, confirm the substance suspected by carrying 
out its individual characteristic reactions. Note that whenever 
a very dilute solution is supplied for analysis, these reactions 
should be carried out with the solution after proper concentra- 
tion.* Note also that the substances (except phenol) which 
are immiscible with water, if supplied, will be in the pure state 
and consequently the question of concentrating them does not 
arise at all. 

Sample mixes in all proportion with water and is neutral to 
litmus; the sample must be one of the following: (а) Methyl 
alcohol, (5) ethyl alcohol, (c) acetone and (d) glycerine. 
Of the substances indicated, glycerine is an odourless, syrupy 
liquid. Confirm by acrolein test and Dunstan's test (cf. page 
154). The other three liquids have characteristic odour. 
Alcoholic smell indicates either of the alcohols, whereas acetone 
possesses a characteristic pleasant smell. Hence when the sample 
has an odour perform the following experiments: 

(га) Iodoform reaction in presence of NaOH or Ма,СО, 
(page 152). 

(а) A yéllow crystalline ppt. of iodoform with a peculiar and 
characteristic odour comes down—Acctone, Ethyl alcohol. 

(6) No ppt. and no odour—probably Methyl alcohol; oxidise a portion 
of the sample by copper сой (page 150) and carry ош ‘Schiff’s, Rimini’s and 
Resorcinol tests (page 150). Oxidise.again another portion of the sample by 
K.Cr,0,+H,SO, (page 151) and carry out the reactions with neutral ferric 
chloride solution [page 136; expt.-(IV)], silver nitrate soution [page 137; 
expt-(V)] and mercuric chloride solution [page 137: expt-(VD]. Addure 
further evidence by carrying out oi! of wintergreen test (page 146) and 
morphine test (page 151). 

(GB) ТЕ the iodoform reaction described above gives a 
positive result, try again the same reaction in presence of NH,OH 
instead of caustic soda (or sodium carbonate). 


(a) A positive result— Acetonet. adduce further evidence by carrying 
out Legal’s test and reaction with 2 : 4 dinitrophenylhydrazine (page 157). 


*[n case of volatile substances necessary concentration is attained 
by distillation. Glycerine solution may however be concentrated by simple 
boiling. 

тезе with Denige's reagent may well be tried here, when a white powdery 
ppt. appears after some boiling indicating the presence of acetone, 
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(b) No iodoform— probably Ethyl alcohol; oxidise the sample either by 
acid dichromate or by copper coil (page 152) and confirm by carrying out 
piperidine test, nitroprusside test (page 153) and reaction with 2 : 4 dinitrophe 
nylhydrazine. Adduce further evidence by carrying out morphine test 
(page 153). 

Sample mixes in all proportion with water and the solution acidic 
to litmus: the sample must be either formic acid or acetic 
acid. Vinegar-like smell indicates acetic acid whereas 
pungent smell indicates formic acid. Neutralise a portion with 
sodium carbonate. Divide the neutral solution into two 
parts. Evaporate one part to dryness, carry out with the 
residue thus obtained the preliminary tests (pages 174-176); 
with the other part of the neutralised solution, carry out wet 
reactions (pages 176-178) and ultimately confirm your findings 
by performing the tests as indicated in page 179. 

Given liquid is immiscible with water and the suspension neutral 
to litmus; the sample must be one of the following: Chloroform, 
benzene, benzaldehyde, nitrobenzene, aniline and dimethylaniline, 
of which the last two are soluble in dil. НСІ. 


Leaving aside the last two let us for the present consider 
the remaining four compounds. Of these chloroform and 
benzene are highly volatile; when a few drops of the liquid 
are heated in a test tube it rapidly volatilises away completely. 
Each of these substances has a characteristic odour. СМого- 
form possesses a sweet sickly smell, while benzene has a 
petrol-like odour. The odour of benzaldehyde and nitrobenzene 
resembles to that of bitter almonds. Besides, of the two 
substances benzaldehyde is a colourless while nitrobenzene is 
а pale yellow liquid. Hence, when the presence of any one 
of the above substances is indicated by its colour, odour, 
etc. recognise the substance by carrying out its individual 
characteristic reaction described beiow: у 

(i) If chloroform is indicated, confirm it by carrying out 
carbylamine reaction [page 124, expt. (e)]. 

(ii) When benzene is indicated, confirm it by nitrobenzene 
1est (page 166). 

(iii) It has already been stated when the odour of the 
sample resembles to that of bitter almonds either benzaldehyde 
or nitrobenzene is present. Colour of the sample may act 
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here as a guide. In such a case, however, carry out the follow- 
ing reactions: у 

(а) Perform the test with 2:4 dinitrophenylhydrazine 
(see page 155), a positive result indicates benzaldehyde; confirm 
by Саптггаго' 5 теаспоп (page 155). А 

(Б) Test for nitrobenzene. Carry out the test for nitro 
group (see page 124-125), the presence of which confirms the pre- 
sence of nitrobenzene, no other nitro-compóund being included 
in the list. 

Hence, if the liquid is immiscible with water, reacts neutral 
towards litmus and is soluble in dil. HCl; the substance given for 
analysis must be one of the following: Aniline and dimethylani- 
line. Both aniline and dimethylaniline possess characteristic 
odour. Try, however, the individual characteristic reactions 
(page 180) to recognise the substance. 

N.B. Note that while reporting the presence of a free acid 
it should be borne in mind that in such a case the aqueous 
solution or suspension as the case may be of the given substance 
must react acidic to litmus. 


Explanation of Some of the Reactions performed for 
Detecting Organic Compound 


1. Formic acid: (а) The acid and its salts are decomposed 
by сопс. H,SO, into carbon monoxide and water. , The latter 
is absorbed by H,SO, and the former, if ignited, burns with 
а blue flame. 


HSO, 
HCOOH— — “ъсо+но: 
HCOONa-+H,SO,—>CO-++H,0+ NaHSO,. 


(6) The acid and its salts reduce both silver nitrate and 
mercuric chloride. Silver nitrate is reduced to metallic silver 
and the mirror or the black ppt. as the case may be is due to 
this metallic silver. HCOOH--AgNO,—HCOOAg--HNO,, 
2HCOOAg—2Ag1 НСООН--СО,. Mercuric chloride is- first 
reduced to mercurous chloride (a white ppt), which with 
more of formic acid or formate undergoes further reduction to 
grey metallic mercury. Hence with excess of formic acid or 
a formate a grey metallic deposit is ultimately obtained. 
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2HCOONa-L-2HgCl,— Hg;Cl,4-2NaCl-- CO-- CO H;O; 
Hg;Cl,--2HCOONa—2Hg--2NaCl +H,0+CO+CO,. 
2. Acetic acid: (a) The extremely nauseating odour in 


Cacodyl oxide reaction is due to formation of cacodyl oxide. 
As(CHs)2 


o^ 
NAS(CHo)e 

(b) The red coloration with ferric chloride is due to 
formation of ferric acetate, which, on heating, is converted into 
а brown ppt. ‘of basic ferric acetate. Similar reactions occur 
with a formate. 3CH,COOK+ FeCl,— (CH,COO);Fe--3K Cl; 
(CH,COO),Fe-+2H,0 -(CH;COO)Fe(OH).--2CH,COOB. 

brown ppt. 

3. Oxalic acid: On heating oxalic acid or an oxalate 
with conc. HSO; carbon monoxide and dioxide are 
evolved. The presence of carbon dioxide in the issuing gas 
is indicated by its capability of turning lime water milky. . 

COONa 
{ек 4-H,SO,=CO+CO,+H,O+Na,SO,. 

4. Succinic acid: (а) Ferric chloride solution produces 
with а succinate а buff-coloured ppt. of basic ferric succinate, 
which dissolves in dilute hydrochloric acid. 
3(CH,COONa).+2FeCl,+2H,0 
‘  =(CH,COO),Fe(OH)--(CH,COOH);+6NaCl. 

(b) In fluorescein test, succinyl fluorescein is formed. 


Аѕ,0,--4СН;СООМа = +Е2Ма„СО»--2СО;. 


CH,COOH H;SO, 
| +Е2С&Н,(ОН)„ 
CH,COOH 
CH,—CH, 
об. od CHLOR, O 4: BH,O+H,SO,) 
5 2 2 
№ ent 


succinyl fluorescein 
5, Tartaric acid: Fenton’s tests. V.ith ferrous salts and 
hydrogen peroxide it yields dihydroxy fumaric acid, which 


roduces coloured iron salt. 
É ОНО. C(OH)COOH 


| ill, 
CHOHCOOH C(OH).COOH 
dihydroxy Tumai 
acid. 
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6. Citric acid: Denige’s test. In presence of an acid 
solution of mercuric sulphate potassium permanganate gives 
with citric acid or a citrate a heavy white ppt. having the 
composition. ене 

н СН,. 
so, He (со >e) 
Hg CH,.COO 

The ppt. is a double salt of basic mercuric sulphate with 

mercuric acetone dicarboxylate. 


CH,COOH CH,.COOH 
: [0] 
OH).COOH———__,co ‚ +CO+H,0 
oxidation | 
CH,.COOH CH,.COOH 
citric acid acetone dicarboxylic acid 

CH,.COOH р 
CH,.COO. 

со +8250,——0 He+H,S0, 
CH;,.COO 

CH,.COOH 


mercuric acetone dicarboxylate. 


7. Benzoic acid: (а) When heated with sodalime benzoic 
‘acid or a benzoate yields benzene. 


C,H;COONa+NaOH=C,H,+ Na,CO,. 


(6) With a neutral solution of benzoate, ferric chloride 
solution produces a buff-coloured ppt. of basic ferric benzoate, 
which dissolves in dil.’ НСІ giving a white Crystalline ppt. of 
benzoic acid. 

3CgH;COONa+-2FeCl,+3H,0 

—(C4H;COO),Fe.Fe(OH), +-3HCI+-3NaCl 

(C,H;COO),Fe.Fe(OH),+6HCI 

=3C;H,COOH+2FeCl,+-3H,0. 


heat 
8. Salicylic acid: (a) CoH,(OH)COOH—.C,H,0H+CO, 
salicylic acid phenol 4 
4 heat 
(b) A salicylate +-sodalime ——,Phenol-+-Na,CO,, 


heat 
C,H4(OH)COONa4- NaOH— —— C,H,OH +Na;CO, 
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(c) Oil of wintergreen test. When salicylic acid ога 
salicylate is heated with conc. HSO, and methyl alcohol, ` 
methyl salicylate is formed. 

C,H, OH)COOH--CH,OH+H,SO,—>C,H,(OH)COOCH, 
+[H,O+H,S0,] 


9. Methyl alcohol: (а) Copper coil oxidation. Methyl 
‘alcohol is oxidised to formaldehyde. 
2CH4OH--0,—2CH,0--2H;0. 


(b) Oil of wintergreen test. Methyl salicylate 15 formed 
(see above for reaction). 


10. Ethyl-alcohol: (а) Copper coil oxidation. Ethyl alcohol 
is oxidised to acetaldehyde. 


о 
CH,CH,OH —— CH,CHO. 


(b) ‘Iodoform ‘reaction 
C,H,OH-+-6NaOH+41,=CHI,+5Nal+5H,0-+-HCOONa 


11. Acetone: (a) Jodoform reaction. 
CH;,COCH;--4NaOH + 31, 
=CHI,+GH,COONa+3Nal+3H,0. 


(b) Denige's test. The ppt. that is obtained is a double 
compound of acetone with basic mercuric sulphate. 
2HgSO,:3HgO.CO(CH;):- 


12. Benzaldehyde: On reaction with a strong solution 
of caustic alkali benzaldehyde is converted into benzyl alcohol 
and the alkali salt of benzoic acid. 


2C,H,CHO--NaOH—C,H,CH,OH + CgH;COONa 
benzaldehyde benzyl alcohol sodium benzoate 


13. Glycerine: (а) Acrolein test. Glycerine on being heated 
with potassium hydrogen sulphate is coverted into acrolcin. 


—2H;0 


CH,=CHCHO 


acrolein 


CH,OHCHOHCH;OR 


glycerine 
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(b) Dunstan's test. Borax in solution gets hydrolysed to- 
boric acid «and caustic soda and hence the solution reacts. 
alkaline. 

Na;B,O;--7H,O-:2NaOH 4-4H,BO, 
Glycerine, a hydroxy compound combines with boric acid to 
form a complex, which is much Stronger than boric acid and 
hence the solution no longer reacts alkaline to phenolphthalein. 


14. Glucose: Its reducing action is because of the 
following reaction: 


CHO COOH COOH 

4 Co) | - [0] | 
(CHOH),——— (СНОН), — — (CHOH), 
CH,OH CH,OH COOH 
glucose gluconic acid saccharic acid 


15. Cane-sugar: Cane-sugar solution, if boiled with dilute- 
sulphuric acid or dilute hydrochloric acid undergoes Aydrolysis- 
to glucose and fructose. 

Ci H3, -H.0—CH,,0,4- C H;0, 
сапе-зираг glucose fructose 


16. Starch:. On boiling with dil. НСІ or dil HSO, starch» 
is hydrolysed into dextrose (glucose). { 
(C,H,50;)n--nH,O —n(C,H,,0,). 
starch dextrose 


17. Chloroform: Carbylamine reaction. See page 128. 
18. Aniline: (a) Carbylamine reaction. See page 128. 
(b) Diazo reaction. See page 129. 


19. Dimethylaniline: (a) Formation of an azo colour. 
Aniline on diazotisation is converted into benzene diazonium 
chloride, which, on subsequent reaction with dimethylaniline- 
produces dimethyl aminoazobenzene hydrochloride. 
C,H;N=NCI+-C,H;N(CH;), 
C.H;N=NC,H,N(CH,),HCI. 
(b) Formation ој p-nitrosodimethylaniline. 
C,H;N(CH,);HCI4- NaNO,-HCI 
=> бо N-C,H;N(CH,),RCI 4-NaCH-H,O. 
p-nitrosodimethylanilinehydrochloride. 
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On being rendered alkaline the solution or the ppt. as the case 

may be turns green because of liberation of the free base. 
O-N-CH,N(CH;&HCI4-NaOH 

O=NC,H,N(CH,)2+NaCl+H,0. 


20. Nitrobenzene: Reduction and diazo reaction. 
Reduction: R—NO;44-6H—RNH;--2H;0. 
For diazo-reaction see page 129. : 


21. Urea: (a) Reaction. with nitrous acid. When urea 
reacts with sodium nitrite and hydrochloric acid (i.e., nitrous 
acid), carbon dioxide, nitrogen and water are formed. 

NH,CONH,--2HONO-CO;2N;-3H;O. 


(b) Biuret reaction. When gently heated, urea melts and 
suddenly solidifies to a colourless crystalline solid called biuret 
and ammonia is simultaneously evolved. 

NH,CONH | HHN | CO.NH,—— NH,CONHCONH,-+- NH, 


urea urea biuret 


Specimen Records of Analytical Results 
Sample No......... 


Date...... 
The given sample is a colourless liquid having an alcoholic 


odour. 


Experiments Observations Inferences 


The substance 
dissolved and 
the resulting 
Solution had 
no action 
on litmus 
paper. 

No residue 


Water soluble 
neutral 
substance. 


1. A portion of the sample 
was shaken with a little water 
in a test-tube and the resulting 
mixture was tested with litmus 
paper. 


2. A portion of the sample 


Methyl 
was evaporated to dryness. 


alcohol, ethyl 
alcohol 
acetone. 
Acetone, 
ethyl alcohol 


3. To a little of the 
aqueous solution of the sample 
In а test-tube an equal volume 
of a concentrated solution of 
iodine in potassium iodide was 
added. After warming a little 
a dil. solution of caustic soda 
was added dropwise till the 
brown colour due to iodine 
vanished. The test-tube was 
then finally cooled. 

4. The same reaction as 
outlined in (3) above was 
repeated in presence of 
NH,OH instead of NaOH. 

5. A portion of the sample 
was oxidised by copper coil 
and the oxidised liquid was 
divided into three parts : 

(а) To one part a few 
drops of freshly prepared 
Schiff’s reagent was added. 

(b) To another part a dil. 
solution of sodium nitro- 
prusside followed by a few 

drops of dil. NaOH solution 
was added. 


А у е! low 
crystalline ppt. 
of  iodoform 
with a peculiar 
but character- 
istic odour 
came down. 


No iodoform 
(i.e. no ppt. 
no odour). 


Acetone 
absent. 


Pink colour 
deepening 
gradually 
Production of 
Wine-red 
colour 


Ethyl alcohol 


Ethyl alcohol 
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Experiment Observation Inference 


(c) From the remaining 

portion of the oxidised liquid 

1 c.c. was taken and then an 
` equal volume of a freshly pre- 
pared dil. solution of sodium 
nitroprusside was added to it. 
Finally a drop of piperidine 
was added. 


The given sample is therefore ethyl alcohol. 


Development 
of a deep blue 
colour. 


Ethyl alcohol 


Sample No......... 


The given sample is a white crystalline solid. 


Observations Inferences 


> 
Experiments 


1. A portion of the sample 
was shaken with water in a 
test-tube and the resulting 
mixture was tested with litmus 
paper. 


The substance | Water soluble 
dissolved and | neutral subs- 
the resulting | tance. 
solution had 

no action on 

litmus paper. 


2. A little of the solid was 


Charring with | Carbohydrates 
heated in a hard glass test-tube. 


the smell of 
burnt sugar. 


3. A portion of the sample 
was shaken with dil. NaOH 
solution. 


The solution | Carbohydrates 
turning yellow 
on heating. 


4. A little of the sample 


Г Immediate Sugars, 
was watmed with conc. H,SO, 


blackening Tartrate, 
with evolution | Starch 
of gases. 


5. To about 1 c.c. of the 
aqueous solution of the sample 
2 drops of a 15% solution of 
a-naphthol was added. Now 
carefully and without shaking 
2 с.с. of conc. HSO, was 
added down the side of the 
test-tube. 


А violet colour | Carbohydrates 
at the junction 

of two liquid 

layers. 
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Experiments 


Observations 


6. To a little of the 
aqueous solution of the sample 


a drop of a dil. solution of 


iodine in potassium iodide was 
added. 

7. То 1 с.с. of the aqueous 
solution 1 c.c. of Fehling's 
solution was added and the 
mixture subsequently heated. 

8. То 1 c.c. of the aqueous 
solution of the sample 2 c.c. of 
Barfoed's reagent was added 
and after thorough mixing the 
test-tube was placed in water 
kept boiling in a beaker. 

9. To about 10 с.с, of a 
dilute aqueous solution of 
the sample a solution contain- 
tng phenylhydrazine hydro- 
chloride (or sulphate) and 
NaAc was added. The mix- 
ture was then warmed by plac- 
ing the test-tube in water kept 
boiling in a beaker. ` 


No change 


gradually 
turning red. 


A red ppt. 


A yellow mass 
crystallising 


tion. 


A. yellow. ppt. 


out of hot solu- 
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Inferences 


Starch absent 


Glucose or 
láctose. 


Glucose 


Glucose 


The given sample is therefore Glucose. 


The given sample is a white crystalline solid, 


appearance. 


Experiments 


1. A portion of the sample 
was shaken with water in a 
test-tube and the resulting 
mixture was tested with litmus 
paper. 


The above mixture was 
thea heated. 


Observations 


The sample 
dissolved 
partly in the 
cold and the 
resulting mix- 
ture reacted 
acidic to lit- 
mus. 


readily 


dissolved. 


The substance | 


fluffy in 


Inferences 


Acidic 
Substance 
Sparingly 
soluble in cold 
water but 
readily in hot 
water. 
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Experiments 


Observations 
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Inferences 


2. То a suspension of the | 
solid; 


sample in- water 
bicarbonate was-added little 
by little. 


3. A portion of the sample 
was heated in a hard glass 
test-tube. 


4. А portion of the solid 
was warmed with 
H,SO,. = 


5. A little of the saniple | 


was heated with sodalime. 


conc. | 


| 


Effervescence 
occurred and 
the substance 
dissolved. 


Melting 
followed 
sublimation 
with evolution 
of odour. of 
phenol. 


Slow blacken- 


ing with 
| evolution of 
gases. 
Odour ог 
phenol. 


Benzoic, 
salicylic and 
succinic acid. 


Probably sali- 


by | cylic acid 


May be sali- 
cylic acid. 


Salicylic acid 


МЕ шош T ЈЗЗЕС 


А neutral solution of the sample was then prepared by adding 
powdered sodium carbonate to a suspension of the sample in 
water. With the neutral solution thus obtained, the following 
wet reactions 1, 2, 3, 
it each time. 


Experiments 


a 1. To a portion of the 
@. neutral solution dil. H,SO, 
was added. 


2. To a portion of the 
solution freshly prepared 
neutral ferric chloride solution 

` was added. 
* "3. To a portion of the 
neutral solution anequal 
volume of CaCl, solution was 
added. 


A.c.—13 


A white crys- 
talline ppt., 
soluble on 
boiling but 
Teappeared on 
cooling. 

Violet colour, 


No change 


4 were carried out taking a little portion of 


| 


Inferences 


Benzoic or 
salicylic acid. 


Salicylic 


not discharged acid and not 
Бу acetic acid. | benzoic acid 
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Experiments Observations Inferences 


A pale yellow | Salicylic acid 
ppt. 


4. An excess of bromine 
water was added to a portion 
of the neutral solution of the 
sample. 


5. 0-15 of thesample 
was mixed.with 1 c.c. of a 
mixture of MeOH and conc. 
H,SO, and was t Ве n heated 
for about 3-4 minutes. It was 
cooled and then poured into 
а little solution of Na,CO, 
contained in a basin. 


A characteris- | Salicylic acid 
tic fragrant 
odour. 


Hence, the supplied sample is salicylic acid. 


СНАРТЕВ Ш 


IDENTIFICATION OF AN ORGANIC SAMPLE 
GIVEN SINGLY IN PURE CONDITION 


Detection of an organic sample containing one of the com- 
monly known organic compounds becomes much easy, when it 
is supplied in pure condition. 

Below is given the list of commonly known organic compounds 
from which one may be supplied in a state of purity for 
identification: 

(a) Methyl alcohol, (5) Ethyl alcohol, (с) Acetone, (4) Aniline, 
(е) Dimethylaniline, (Л) Acetic acid, (g) Formic acid, (4) Benzoic acid, 
(i) Salicylic acid, (j) Oxalic acid, (К) Citric acid, (1) Tartaric acid, 
(m) Succinic acid, (п) Cane-sugar, (o) Glucose, (p) Lactose, (4) Starch, 
(r) Chloroform, (s) Benzene, (г) Phenol, (и) Glycerol, (v) Benzaldehyde, 
(w) Nitrobenzene, (x) Resorcinol, (у) Betanaphthol, (z) Urea. 7 

In such a case proceed as follows: . 

1. (a) After noting the state of aggregation, colour and odour 
of the sample, shake a portion of it with a little water in a test- 
tube and test the resulting aqueous solution or suspension with 
litmus paper. 2 

(b) И sparingly soluble in cold water, heat the mixture. 

(A) (i) Sample is а colourless (or white), odourless solid and 
reacts acidic to litmus: Resorcinolt, oxalic, succinic, tartaric, . 
citric, benzoic and salicylic acids. Test with NaHCO, to distin- 
guish resorcinol from acids, Resorcinol gives no effervescence, 
while an acid does. If resorcinol is indicated, сату out 
the reaction as detailed under resorcinol (p 148). 

If moderately or highly soluble in cold water, one of the first 
five and if sparingly soluble in cold but readily in N 
either of the last two compounds (benzoic & salicylic) is indicated. 

(ii) But if the solid possesses a phenolic odour, reacts acidic 
to litmus and is not much soluble in water, phenol* is indicated. 
Test with NaHCO, to distinguish phenol from acids (page 199). 

(B) (i) Sample is a /iquid having a pungent or characteristic 
vinegar odour, reacts acidic to litmus and miscible with water in 
all proportion;: Formic or acetic acid. : 3 

(ii) But if the liquid possesses а characteritic carbolic-(pheno- 

` lic) odour, reacts acidic to litmus and 5 not much soluble in 
water, phenol* is indicated. ` ; amu 


+ Odinarily resorcinol is gray in colour because ofatmospheric oxidation. 


*Phenol is weakly acidic and at 65:3° or higher temperature miscible 
with water in all proportions. 
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(C) Sample is a solid and is without any action on litmus: 
Cane-sugar, glucose, lactose, “Starch, betanaphthol and urea. Of 
which only startch* and betanaphthol are insoluble in water and 
the latter possesses a faint characteristic Phenolic odour. | 

. @) Sample is a liquid and is without any action on litmus: 
Methyl alcohol, ethyl alcohol, acetone, glycerol, chloroform, 
benzene, benzaldehyde, nitrobenzene, aniline & dimethylaniline. 
` АП save and except glycerol possess a characteristic odour. 
All are colourless; exception nitrobenzene, which has a pale 
yellow colour. 

If miscible with water in all proportions, one of the first 

- four liquids is indicated. If Dot, one of the remaining liquids 
is indicated. 
(A) Distinguishing solid acids. 
L Heata little of the given solid in a hard glass test- 


“Expt. 
tube. 


Observations Inferences 


(d) No charring, but gives off 
(i) Irritating fumes | 
(i) irritating fumes having aromatic odour 
(iii) phenolic odeur 
(b) Charring occurs with the evolution of 
(i) smell of burnt sugar ` 
(i) acrid vapours 


Succinic acid 
Benzoic acid 
Salicylic acid 


Tartaric acid 
Citric acid 
H,SO, 


Expt. IL Heat a little of the solid with conc. 


Observations 


Inferences 
(a) Immediate blackening occurs and th 
substance gives off gases. £ 

. (8) No immediate blackening, which occurs 
only slowly with the evolution of pases. 


(c) No blackening at all: : 
(i) The evolved gas when passed through 
lime water, the latter turns milky. 
(ii) Acid fumes having irritating aromatic 
odóur. ' у 


Tartaric acid 


Citric & sali- 
cylic acids, 


Oxalic аса 


Benzoic acid 


*There is a variety, which gives a clear solution on boiling with water. 
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Expt. Ш. Mix the solid with 3-4 times of its weight of dry 
sodalime and heat the resulting mixture strongly in a hard glass 
test-tube. 


Observations Inferences 


(i) Odour of benzene, the evolved vapours | Benzoic ^ acid 


burn with a smoky flame. : 


(ii) Odour of phenol is evolved Salicylic acid 


Wet reactions 


Unless otherwise stated carry out the wet reactions with the 
neutralised (see page 135 along with the foot notc given there): 
solution. А 


Expt. І. To a little of the solution taken in a test-tube add 
a drop or two of a freshly prepared neutral ferric chloride 
solution and note immediately the change of colour that might 
have taken place. 


Observations Inferences 


(i) Violet colour is developed, which is not | Salicylic 
discharged by acetic acid. 


(ii) A buff-coloured precipitate— 


(a) buff colour disappears and instead а | Benzoic ^ acid 
white crystalline ppt. appears 


(b) buff-colour disapp:ars but no white 
ppt. appears 


on acidifying with dil. НСІ. 


Succinic acid 
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Expt. П. То a portion of the neutral solution add an equal 
volume of calcium chi lution. 


Inferences 
(i) An immediate white ppt. which does not | Oxalic acid 
dissolve in acetic acid, but dissolves in dil. НС! 
or dil. HNO,. 
(ii) А sand-like ppt. on shaking and scra- | Tartaric and 
tching the inside of the test-tube. Succinic acids 
(iii) No ppt. even on shaking and scratching | Citric acid 


but on boiling only. 


Expt. Ш. Add an equal volume of Denige’s reagent to a 
little portion of the original solution in the cold. 


Observations Inferences 
(a) An immediate white ppt, which does | Oxalic acid 


not dissolve on boiling. 


.(b) No precipitation in the cold and even on 
boiling the mixture, but 
. а white ppt: or turbidity appears on add- | Citric аса 
Ing to the hot mixture a drop or two of a2% 
solution of KMnO,, the colour of which is 
' discharged. . À 


‚ The next step here 15 to confirm or recognise the suspected acid 
by carrying out individual characteristic reactions. But oxalic, 
citric & benzoic acids, it should be noted, if supplied for identifica- 
tion, require no additional test; the reactions stated earlier 
will stand as a sufficient proof for their presence. 

(i) If succinic acid be suspected, perform the Fluorescein 
test (page 140) to confirm-your findings. 

(ii) If tartaric acid be indicated, try the Mirror test and 
Fenton's test (page 142) to confirm their presence. 

(iii) When salicylic acid is indicated (а) carry out the reaction . . 
with bromine water (page 146; expt.-VI) and then confirm (8) by 
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carrying out oil of wintergreen test (page 146; expt.1V) with 


0-1 gm. of the solid. 
(iv) Further evidence for benzoic acid, if necessary, may be 


adduced by carrying out expt.-VII described in page 145. 
(B) Distinguishing liquids reacting acidic to litmus 


Three substances come under this heading: Formic acid, 


acetic acid and phenol. 
Expt. т. Evaporate a portion. of the sample to dryness by 
n a clean basin (in its absence a test-tube) oyer 


-careful heating i 
a small flame. 


inferences 


Observations + 


The substance completely volatilises away. 
The evolved. vapour gives off: 


(а) Pungent smell (a) Formic acid 


(b) Vinegar odour (b) Acetic acid 


(c) Carbolic odour (c) Phenol* 


Expt. П. Add a little of the sample toa solution of NaHCO, 


taken in a test-tube. 


Observations Inferences 


Formic aoid, 
acetic acid. 


Phenol 


(а) Effervescence occurs 


(b) No effervescence 


‘After completion of the above experiments carry out the 
following wet reactions with the neutralised (see page 135) 


solution of the sample. 


*phenol may leave a reddish syrupy residue on evaporation; but pure 
phenol volatilises away completely on strong heating. 
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Expt. L Toa little of the solution taken in a.test-tube add a 
-drop or two of a freshly Prepared neutral ferric chloride solution 


and note immediately the change of colour that might have 
taken place. 


Inferences 
Е, 
Formic acid, 
acetic acid. 


Observations 


(а) Red colour is developed. 


(b) Violet colour is developed, & the colour 
is discharged on addition of acetic acid, 


Phenol 
Confirmatory reactions 

Now according to the demand of the situation carry out the 
reactions [either (i) (а) & (B) or (ij) (a) & (ВЛ described in page 
179 to confirm your findings. à 

(C) Distinguishing solids having no action on litmus 
Expt. I. Shake а portion of the substance with a little of 
Solution of caustic soda and finally heat slightly. 


dil, 


Observations 


Infetences 
(а) Brown resinous mass Catbohydrates 
(b) The substance dissolves— Water soluble 
substances & 
betanaphthol. 


@ If insoluble in water but dissolves in | Betanaphthol 
caustic soda; 


3 


\ 
(ii) pungent smell of ammonia Urea 


Expt. П. Heat a little of the solid in a test-tube. 


Observations 


Inferences 


(a) Charring occurs with the evolution of: 


@ Smell of burnt sugar Sugats ^ (glu- 
COSe, sucrose, 
lactose) 

(ii) Smell of burnt wood or leather Starch 


(b) No charring, but gives off odour of: 


(i) Ammonia Urea 
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Expt. Ш. Warm a little of the solid with conc. H,SO, in 
a test-tube. 


Observation Inference 


Immediate blackening occurs and the | Sugars, starch 
substance gives off gases. 


After the completion of the above experiments carry out the 
following wet reactions with the sample. 


Expt. I. Ferric chloride test [page 118, expts. (e) & (f)] 


Observation Inference 


A green coloration and afterwards a | Betanaphthol 
flocculant ppt. 


Expt. П. Molisch’s test (indicated under glucose in page 158). 


Observation Inference 


A blue or violet colour at the junction of two | Carbohydrates 
liquid layers. 


Now carry out one or more of thé following experiments 
as may be necessary to confirm the substance already suspected. 

If betanaphthol is indicated, adduce further evidence by 
carrying out the expt.-(IV), (V) & М described under beta- 


naphthol in page 149. 

When urea is indicated, confirm by Biuret reaction [expt-(ID] 
and by expts.-(IV) & (V) described in page 165. 

If the Molisch's test is positive, try the reactions according to 
direction given in pages 180-181 under item viii (i.e., examina- 
tion of carbohydrates). 

(D) Distinguishing liqu.ds having no action on litmus 

The compounds that come under this class are divided, as 
have already been stated, into two groups depending upon their 
miscibility with water. 


MISTRY 


202 ATE 


Miscible with water i 15: Methyl alcohol, ethy] 
alcohol, acetone and gly - 
Immiscible with water: Chio 
nitrobenzene?, aniline? and din y 
Expt. I. Evaporate a portion of the sample to dryness by 
careful heating in a clean basin (in its absence а test-tube) over 
a small flame. 


А 
Observations Inferences 
(а) Syrupy residue Glycerol*. 
(b) No residue One of all ше. 


liquids m en- 
| ? tioned above. 
== лт == шн |, D 

Of the water-miscible liquids indicated, glycerol is an odour- 
less, syrupy liquid. Confirm glycerol, if suspected, by acrolein 
test and Dunstan's test described in page 154. The other three 
liquids have characteristic odour. Alcholic smell indicates 
either of the alcohols, whereas acetone Possesses a characteristic 
pleasant odour. Hence when the sample has an odour perform 
the experiments according to the direction under item (ia) and 
(iB) in page 182. 

Of the water-immiscible liquids aniline and dimethylaniline 
are soluble іп dil. НСІ. Hence if the sample dissolves in dil. 
НСІ on shaking and warming, it must be either of the two. 
Besides, both of them possess characteristic odour. Try, however 
the individual characteristic reactions: Diazo reaction (page 124) 
for aniline and formation of azo-colour, p-nitrosodimethylhylaniline 
and malachite green (page 164, 155) for dimethylaniline. 

For the remaining four liquids proceed according to the direc- 
tions given in the third paragraph (page 183) and carry out one 
or more reactions [described under items (2), (i), Gii)-(@) & (b) in 
pages 183-184] as may be necessary to recognise the substance. 


*Glycerol may sometimes evaporate away Teaving no residue but a faint 
stain. ^ 
` Highly volatile. 
?Insoluble in dilute acid and alkali. 
?Soluble in dil, acid but insoluble in alkali. 
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PART Ш 
QUANTITATIVE ANALYSIS 


he Y 
ER a 


CHAPTER I 
GENERAL CONSIDERATION 


Quantitative analysis, i.e., the determination of the amount of 
an element or radical present in the sample is a very important 
part of analytical chemistry and this is, as per direction of the 
syllabi, done either by Volumetric or by Gravimetric processes 


. though other methods are there. Neatness, accuracy in weighing 


and in measurements of volumes, careful handling of the 
experimental solution (so that no part of the solution is lost) at 


- all stages of operation and, careful handling of the apparatus 


can only give correct results. 

In volumetric analysis the sample supplied is allowed to 
react with a suitable reagent of known concentration, under 
such a condition as the reaction goes to completion. The end- 
point of the reaction is to be sharp so that it can be noted either 
directly or with the help of an indicator. Knowing the volume 
of the standard solution (i.e., the reagent of known concentra- 
tion), that reacts with a definite volume of the experimental 
solution, the amount of the substance to be determined is. 
calculated with the. help of laws of chemical equivalence. In 
gravimetric analysis the element or radical to be determined is 
generally isolated from a known volume of the solution in the 
form of a pure, stable and usually insoluble compound by the 
addition of suitable reagents under appropriate conditions. 
This insoluble compound is weighed as such, if possible or 
converted into a form suitable for weighing. Then from the 
knowledge of the molecular weight of.the compound and the 
atomic weights of the constituent elements, the amount of the 
element or radical present in the sample is calculated. 


Use of balance: Both the volumetric and the gravimetric 
processes require a sensitive and accurate chemical balance. 
With the help of such a balance weights accurate up ОБЕ 
tenth of а milligram (0-0001 gm.) can be known. There аге 
two horizontal scales in a balance, one at the top and the other 
at the base. The scale at the top is called the rider scale whilst 
the scale at the bottom is called the pointer scale. A rider is a 
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thin metal wire (weighing 0:005 g. in the case of Bunge and 
0:01 g, in the case of Sartorius) bent in such a way that it can 
be placed anywhere on the rider scale so that weight adjustment 
up to 10 mg. can be made. ig: у 


In Bunge balance the rider is placed at the extreme left 
corner of the balance beam. This extreme position is marked 
zero. The rider scale is divided into ten big eqaual divisions, 
each of this big division is again divided into ten equal divisions. 
Then from zero to extreme right position, which is marked 10 
there are 100 teeth. The shifting of rider from zero to ten is 
the same as to add 0:01 gm. on the right pan. Therefore 


ти shifting of rider by one tooth is equivalent to € gm. 


or, 00001 gm. 


In Sartorius balance zero is at the middle of the rider scale. 
On each side of the zero mark there are ten large divisions. 
Each of this division in its turn is divided ínto five small 
divisions. Thus shifting of rider from Zero to ten means passing 
over a range of 50 teeth, which corresponds to 0:01 gm. weight. 
Hence shifting of rider by one tooth is equivalent to an gm. 
or 0:0002 gm. The knowledge of the value of one division of 
the rider scale is essential in accurate weighing. Placing the 
rider on the left side of ‘zero’ means a decrease of weight on 
the right pan, wnilst that to the right of ‘zero’ means an increase 
of weight on the same. 


Weighing by difference: Before entering into actual 

‚ weighing see: (i) that the pointer moves equal no. of divisions on 

either side of midline of the pointer scale; (ii) that all the weights 

are there in the weight box and these weights are placed in their 

proper places. These being done take some quantity of the 

finely powdered substance to be weighed in a glass-stoppered. 
perfectly cleaned weighing bottle and place it on the left pan. 


Place the highest weight on the right-hand pan and set the 
beam free to swing by releasing the rest-knob and note the 
displacement of the pointer. If the pointer moves to the left 
of the midline of pointer scale, the weight on the right-hand 
pan is comparatively heavy. Bring the balance at Test and 
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replace the weight by next smaller one. Set the balance again 
free to swing as before; if the pointer moves to the right of 
the midline, the weight on the right-hand pan is little too 
small. Don't.remove the, weight placed оп the right- 
hand pan; add on the next smaller one. Try with all the 
successive weights of the weight box in this way without 
omitting any tili the 10 mg. weight hàs been tried by placing it 
on the right-hand pan. If the weights placed be little higher 
(indicated by the movement of thé pointer) remove the 10 
mg. weight and use the rider for adding still smaller weights. 
But if the weights placed be little smaller (indicated by the 
movement of the pointer to the right) retain all the weights and 
use rider for adding still smaller weights. Note down the 
weights from the blank spaces in the weight box and check 
them while removing the weights from scale pan back to the 
box. Never place the weights anywhere other than the scale 
pan or in its place in the weight box. Read the position of 
the rider and add the appropriate value (according as the 
balance used is Bunge or Sartorius) to the weights already 
noted. Suppose this weight (i.e., the weight of the weighing © 
bottle with its contents) is 18:9761 gms. and you want to take 
out about 1:5182 gms. of its contents. Remove the weights 
equivalent to 1:5 gms. from the right-hand pan. Note the 
oscillation of the pointer—it moves to the right, pointing out 
that the weighing bottle is heavier. Take out the weighing 
bottle, hold it over a clean funnel fitted on to a clean measuring 
flask (the volume of the measuring flask is dependent on the 
strength of the solution to be prepared) or any other suitable 
vessel and tap out a little of the substance on the funnel, 
opening the stopper of the bottle. While tapping out the 
substance take care so that no particle is transferred outside 
the funnel and the flask. Put the stoppered bottle again on 
the left pan, set the balance swinging. Note the oscillation of 
the pointer. If it still moves to the right, repeat the process of 
pouring out the substance, noting the oscillation of the pointer 
till it moves to the left. The weighing bottle is now lighter than 
the weights placed on the right-hand pan, i.e., more than 1:5 
gms: of the substance have been transferred out. Place the 
* bottle again on the left pan, remove all the weights from the 
A.C.—14 У 
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right-hand pan and. bring the rider back to zero mark of the 
rider scale. Now exactly counterpoise the weighing bottle in а 
manner similar to before. Note the weights. The difference 
between the 151. weight and this final weight gives the weight of 
the sample taken into the funnel and the flask. Let this final 
weight be 17-4367 gms. Hence the weight of the substance 
transferred —(18:9761— 17-4367) gms.—1:5394 gms. Now place 
the weights in their proper places in the box and bring the rider 
to zero mark. 

N.B. The balance must be brought at rest, while 

(i) placing on or removing weights from the pan; 

(ii) shifting the rider along the scale; 

(ii) placing on or removing the weighing bottle from the 

pan; 
(iv) leaving the balance after completion of the work. 


Note also that during weighing, while the balance oscillates, 
the glass windows of the balance. must be kept closed, as any 
air current will cause the pans swing erratically. 


For the determination of the weight of a particular substance ` 
see the chapter on Gravimetric Processes. 


Preparation of the solution with the substance thus weighed 
above, 

Pour a little distilled water on the funnel so that the 
substance adhering to the funnel is washed down into the flask. 
Raise the funnel and rinse it 3 or 4 times using little quantity of 
distilled water every time and taking care that the stem of tht 
funnel is always inside the flask. Remove the funnel and give 
‘the flask а rotatory motion carefully and. see that all the solid: 
has undergone solution. (If a clear solution is not obtained by 
this operation, add more water and again rotate the flask 
carefully by holding it firmly). Now add distilled water to 
make the volume of the solution up to the mark (i.e., lower. 
meniscus of the solution just coincides with the mark on the 
Ваок). Fit in the stopper, shake the flask, turn it up and dow: 

for several times and preserve. К ^ 


CHAPTER II 


VOLUMETRIC ANALYSIS 
PRINCIPLE —GENERAL INSTRUCTIONS— 
STANDARD SOLUTIONS 


In volumetric analysis, we have seen that a standard 
solution is always required. А standard solution is defined 
as the solution, which contains a known weight of the solute 
in a definite volume of the solution. Concentration or strength 
is generally expressed -in terms of normality and a solution is 
said to be a normal one, when it contains one gram-equivalent 
of the solute per litre of the solution. The equivalent weight 
expressed in gms. is called gm.-equivalent. Note that the 
gm.-equivalent is not invariant as the gm.-molecular weight is 
but depends upon the reaction concerned. The gm.-equiva- 
lent of a substance is that weight of it in gms., which in its re- 
action corresponds to a gm.-atom of hydrogen or a gm.-atom 
of univalent ion. ey 


Important principles in volumetric analysis 


(а) As has already been stated that a normal solution: 
contains one gm.-equivalent of solute per litre of the solution. 
A. five normal solution contains 5 times the equivalent weight 
of the substance in one litre solution of it. Therefore 1 ml. of 
5 (N) solution=5 ml. of normal (№) solution. А decinormal 
solution contains 0-1 gm.-equivalent (one-tenth of the equivalent _ 
weight) of the solute in. one litre solution of it and so on. 
Hence 1 ml. of 0-1 (№) solution=0-1 ml. of (N) solution. In 
general, if the volume be increased the strength must be 
decreased proportionately and vice versa. This can also be 
expressed in the following way: У ml. of a x(N) solution= 
ху ml. of (N) solution. ~ 

(b) Normalities being the same, equal volumes of different 
solutions are chemically -equivalent. When one solution is 
titrated against another, the product of the volume and the 
strength (in normality) of the unknown solution is equal to the’ 


- product of the volume (at the equivalence point) arid strength 
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(in normality) of the standard solution. Thus, if with V, mi. of 
one solution of Strength S,, V, ml. of the other solution of 
strength S, be required for the equivalence point to be reached, 
then V,S,—F,S,. Hence, strength and volume of one being 
known the strength of the other can be calculated by knowing 
the volume which reacted. 


(c) Normality is the number of gm.- equivalent of a solute 
present in one litre of its solution. 


+ weight of solute in grams per litre 
NOB : erae іп grams = 
Weight of solute in grams per litre. 
=Normality x gram-equivalent. 
(4) Reduction of strength by proper dilution; a solution of 
higher concentration. (i.e. strength) May be reduced to lower 
one (of desired strength) by appropriate dilution. 2 


Example : 


100 ml. of a solution of strength 1-19 (2) 


=(100х 1-19) ml. solution of strength (5) 


“. (119—100) ml. or 19 ml. water are to be added to 


N 
100 ml. of solution of 1:19 (5) in order to make it exactly 
decinormal. 


" 


General instructions 


1. Examine that the apparatus to be used are perfectly 
clean. 


2. Rinse the burette and pipette 2 or 3 times with the 
respective solution to be taken inside and throw away the 
washings. But never wash the reaction vessels (conical flasks or 
beakers) with the standard or unknown Solutions. Wash these 
with distilled water. 

3. Fill the burette with the solution to a little above zero 
mark and allow the liquid to run out by opening the Stop-cock _ 
in order to fill the jet. Close the stop-cock, add more solution 
if neeessary and now allow the liquid to run out dropwise by 


VOLUMETRIC ANALYSIS 213 


opening the stop-cock again till the lower meniscus (upper 
meniscus in the case of-coloured liquids like KMnO, solution) 
just touches the zero mark of the burette. 

4. Fill the pipette with the solution by suction to 1 to 2 
ems. above the mark. Close very quickly the upper end of the 
pipette by means of the tip of index finger. Wipe out the liquid - 
that adheres to the outside of the lower stem with a Моше 
paper or filter paper. Allow the liquid to run out slowly by 
relaxing a little the pressure of the finger-till the lower ‘meniscus 
just touches the graduation mark. If any drop adheres to the 
tip, remove it by touching the tip against any clean glass surface. 
Deliver the liquid into the receiving vessel. When the continuous 
flow has ceased, hold the jet in contact with the inside 
of the receiving vessel for 15 secs. Now remove the receiving 
vessel but don’t try to collect the solution still remaining in the . 
jet by blowing or by any other means. Note that burette is used : 
to deliver variable volumes, while pipette is generally used tó 
deliver a constant volume of solution. 

5. While filling the burette and pipette with the solutions, 
see that no air bubbles are enclosed in the jet. 

6. Repeat the experiment, whenever possible, under identi- 
cal conditions and take the mean of the titre values for your 
calculations. 

7. Use zero mark of the burette for each titration (if 
possible) and to take burette reading keep your eyes at the 
same level with the meniscus to avoid parallax error. ‘Besides, 
while taking the burette reading, hold a piece of white paper y 
behind the meniscus in the burette. 


Different classes of volumetric analysis 


A. Reactions in which no change of valency of the reacting 
jons occurs: 
(i) acidimetry and alkalimetry. 
(ii) precipitation reactions, 
B. Reactions involving change of valency: 
Before proceeding with the different types of volumetric 
analyses let us take up the preparation of some, standard 


solutions. 
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Preparation of standard solutions 
A standard solution is a solution of accurately known 
concentration. 


Some of the standard solutions are prepared by weighing 
out accurately and dissoiving the solute thus weighed in an 
appropriate solvent and making up the solütion to à known 


volume. Standard solutions of sodium carbonate, oxalic acid, 
Sodium oxalate, potassium dichromate, etc., for example, are 


prepared in this way. Since these substances of analytical 
reagent quality are weighed out and the volumes of the solutions 
prepared are known, the concentrations are accurately known. 
` These are called primary standard solutions as other substances 
are standardised against them. But there are substances with 
which this method of preparation of standard solution cannot 
be adopted for various réasons, such as instability, variable 
percentage composition, etc. For the preparation of standard 
solution of such substances as HCl, H,SO,, КМпО, etc., for 
examples, solutions of desired approximate strength or concentra- 
tion, as it may be called, are prepared first and then the strength 
is accurately determined by suitable primary standard solutions. 
These are secondary standard solutions. Concentrated НСІ is 
about 10:5 to 12 N and the strength of conc. H,SO, is about 
36N. Hence the solutions of these acids having desired approxi- 
mate strength are prepared by proper dilution of the conc. acids. 
КМО, being a solid a solution of desired approximate strength 
is prepared by weighing out an appropriate amount of this subs- 
tance in a rough balance and then dissolving in a proper volume 
of water. Below is given the procedure for the preparation of 
standard solution of N/10 order, of accurately known strength. 


Standard solution of Na,CO,. 


Equivalent weight of Na,CO, 15 53. Hence in order to 
prepare 250 ml. 0-1N solution of sodium carbonate 1:325 gms. 
of sodium carbonate of analytical reagent quality are required. 
Procedure — 

Weigh out accurately about 1:3 gm. of pure sodium carbo- 
nate into a clean 250 ml. volumetric flask (see the method 
of weighing, р. 208). . Wash down the whole of sodium carbon- 


~ 
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ate by careful. addition of distilled water. Shake the flask 
carefully, holding it firmly. When all the solid has dissolved, 
make up the volume to the mark (see the method of preparation 
of solution, р. 210). : 

Let the weight of Na,CO; taken= w gms. 


Strength of prepared Na,CO; solution = [БЕЗ 15 


~ 


[Calculate up to 4th. place of decimal] 
: COOH 


Standard solution of oxalic acid | 2H,0 
COOH 


Equivalent weight of oxalic acid is 63. Hence in order to 


prepare 250 ml. of 0:1 № solution of oxalic acid 1:575 gms. are 


required. 


Procedure . 
Weigh out accurately about 1-5 gms. of analytical reagent 


quality oxalic acid into a clean 250 ml. volumetric flask (see the 
method. of weighing, р. 208). Wash down the entire quan- 
tity of solid into the flask by careful addition of distilled water. 
Hold the flask firmly and shake carefully. When all the solid 
“has dissolved; make up the volume to the mark (see the 
method of preparation of solution, p. 210). | 
Let the weight of oxalic acid taken— w gms. 
Strength of oxalic acid solution— 1573 
[Calculate up to 4th. place of decimal] 


Preparation of standard solution of sodium oxalate Ма,С;0,, 
Potassium dichromate K;Cr30;, etc., are left out for the present and 
they will be discussed later on in their proper places. Let us now 
confine ourselves to the preparation of some standard solutions, 
which cannot be taken as primary standard. 


Preparation of N/10 на | 
Conc. HCl is about 10:5 to 12N. Acid of desired approxi- 
mate strength is prepared by appropriate dilution. . 


Ргосейиге А 
Measure out about 9 ml. of conc. acid in a measuring. 


cylinder. Take in a litre flask about 500 ml. of distilled water 
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and pour the measured acid into this flask and make up the 
volume to the mark with distilled water. Shake thoroughly so 
'as to form a uniform solution. The strength of this solution is 
approximately №/10. To find out exact strength titrate it 
against a standard alkali using a suitable indicator (see pp. 
218, 220). 


Preparation of N/10 H,SO, 
Conc. HSO, is about 36N. Acid of desired approximate 
strength is prepared by appropriate dilution. 


Procedure 

Measure out by means of a sneasuring cylinder about 2:8 ml. 
of conc. acid, Pour this acid slowly into a big beaker contain- 
ing about 500 ml. of distilled water with constant stirring. 
[Cool, if necessary, while pouring down the acid into the 
beaker] Now transfer the solution into a litre bottle and 
make up the volume with distilled water. The strength of this 
solution is approximately N/10. To find out the exact strength 
titrate it against a standard alkali using a suitable indicator. 
(see pp. 218-220). 

N.B. Always add acid to water and not the reverse. 


Preparation of N/10 NaOH р 
Equivalent weight of NaOH is 40. Hence in order to pre- 
pare 1,000 ml. of №/10 solution 4 gms. of NaOH are required, 


Procedure 


Weigh out rapidly by means of a rough balance àbout 

4:2 gms. of solid on a watch glass. Rinse the solid with a 

‚ little distilled water and dissolve it in distilled water in a beaker, 

‚ transfer the entire solution into a litre flask. Маке the volume 

up to the mark with distilled water. Shake the flask to have a 

uniform solution. Close the flask by means of а rubber 

stopper. This solution is approximately №10. To find the 

exact strength titrate it against а standard acid о а suitable 
indicator (see p. 219). 


” colour at 


CHAPTER 111 
VOLUMETRIC ANALYSIS 
A. Acidimetry and Alkalimetry 


By acidimetry we mean the determination of unknown 
strength of an alkali by titration with a standard acid solution. 
Alkalimetry is just the reverse of this process. When anacid 
is mixed with an alkali, H* ions of the acid react with OH- ions 
of the alkali to produce water. The condition of the solution: 
can therefore be either acidic (when an excess of H* ions are 
present) or alkaline (when an excess of ОН- ions are present) 
or neutral, i.e, the solution will have a pH of 7 (when neither 
the H* ions nor the OH- ions are present in excess of the 
equivalent proportions). This is actually what happens in the 
e of a strong acid and а strong base. The case is otherwise 
when the acid or the base or both are weak. The solution 
in that case even at the equivalence point will be either slightly 
acidic or alkaline instead of being neutral. This is due to 
hydrolysis of thé salt formed in the neutralisation reaction. 
The exact value of hydrogen ion concentration of the solution 
depends upon the nature of the acid and base and on the 
concentration of the solution. There are some organic sub- 
stances, which can indicate the termination of a neutralisation 
process by change of colour. These substances are called 
neutralisation indicators. А. good indicator should give a sharp 
change of colour when the condition of the solution changes from 
acidic to alkaline and. vice versa. Choice of indicators in neutrali- 
sation reactions depends on the nature of the acids and bases 
and also on their concentration. For a titration to be feasible 
there should be a satisfactory change of pH at or near the 
equivalence point produced by the addition of a small volume of 
acid or alkali as the case may be and indicator that changes 
or near the equivalence point ‘should be chosen. 


casi 


Indicators to be used | Colour change 
Acid-base 


Titration of 


‚ (a) Hydrochloric acid—| Any indicator, hav- 
caustic soda (i.e. strong | Ing а colour change DNE T 
acid—strong base). between pH 3 & 10. | 
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— M 


Titration of Indicators to be used ош change 
З Acid-base 


Colourless— 


(Б) Acetic TOM Phénolphthalein ol 
. red. 


tic soda (i.e., weak acid 
—strong base). 

(c) Ammonia-sulphu- | Methyl orange 
ric acid (i.e., weak base 
—strong acid). y ў 
(d) Acetic acid—am- | This titration should 
monia (ie. weak acid | be avoided as far as 
—weak base). possible, but neutral 
red-methylene b 1 u e 
indicator may how- 
ever be used. | 


Red—orange- 
yellow. - 


Experiment: 5 
Determination of the strength of H,SO, solution (standardi- 


sation of H,SO, solution) by the Na,CO, solution of accurately 
known strength. 


Procedure 


Take a clean burette, wash it first thoroughly with -distilled 
water and then rinse it thrice with the given acid taking about 
5 ml. portions of the acid for each washing. Fill the burette 
now with the acid taking care that no air bubble is enclosed 
in the jet and the lower meniscus of the top level of the liquid 
just touches the zero mark. 

Wash а 250 ml. conical flask thoroughly with distilled water. 
Take a 25 ml. clean pipette. Wash it first with distilled water 
and then rinse it thrice with the standard alkali taking about 
4-5ml. of the solution for each washing. Transfer 25 ml. of 
the standard alkali into the conical flask with the help of this 
pipette. (For technique of this operation see General Instruc- 
tions’ p. 213). Add a drop or two of methyl orange into 
the conical flask containing Na,CO, solution. 

Now place the conicial flask upon a piece of unglazed white 
paper just below the jet of the burette; run in the acid slowly 
from the burette and rotate the flask constantly. When the 
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colour of the solution contained in the fiask becomes faintly 


yellow, wash the flask down with a little distilled water and 
continue adding acid very carefully, drop by drop till the solu- 
tion just turns pink. Note the burette reading. 

This first reading may be an approximate one indicating the 
position of the true end point within 0:2—0:5 ml. Repeat this 
experiment three times. This should yield concordant results 
and under no circumstances should differ by more than 0:1 ml. 
you results in the following tabular form and take the 


Enter 
mean of the readings: 


Vol. of alkali Vol. of acid 
No. of expt. (taken) in ml. required in ml. Mean 
1 25 
2 25 
3 25 
4 25 


Calculation E 
Strength of alkali:X volume of alkali 
=Strength of acid x volume of acid 


Strength of alkali x volume of alkali 


Strength of acid — Volume of acid 
=x(N) say. 


[2 amount of sulphuric acid in gms./litrez- x x 49]. 


Experiment: 
Determination of the strength of ‘caustic soda solution 
by oxalic acid solution of accurately known strength. 


Procedure ^ 
Take 25 ml. of caustic soda solution in a conical flask. Add 


a drop or two of phenolphthalein indicator, when the solution 
turns pink. Titrate it against oxalic acid taken in the burette 
till the pink colour just disappears. [Run in the major portion 
of the acid hurriedly and then continue the addition dropwise 
very cautiously towards the end until with one drop of the acid 
the pink colour just disappears.] Read the burette and repeat 
‘the experiment three times. Tabulate the results as before and 


take the mean of these readings for your calculation, 
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Calculation Я 
Strength of acid x volume of acid | 
~ =Strength of alkalixvolume of alkali. 
. Strength of астах volume of acid 
-. Strength of alkali —— Volume of alkali 
—Xx(N) say. > ^ 


[Hence amount of NaOH in gms,/litre=x x 40] 

Note that in order to determine the strength of one acid Бу 
another ог one alkali by another we require a suitable com- 
parison solution. In the first case two acids are compared 
with by titration against one common alkali, which serves here 
the purpose of comparison solution; while in the second case 
two alkalis are similarly compared with by titration against a 
common acid (i.e., comparison soln.). The experiment described 


below will help a student in proper understanding of this. 


process, 


Experiment: Н 
Determination of the Strength of one acid by another by titrating 
against a common alkali. 


Hydrochloric acid vs. oxalic acid, comparison solution: NaOH 


Procedure 


Prepare an approximately decinormal NaOH solution (if not 
supplied) by weighing out about 4-2 gms. of solid caustic soda 
by means of a rough balance (see preparation of N/10 NaOH 
Solution, p. 216). Take 25 ml. of this solution in a 250 ml. 
conical flask and. titrate with oxalic acid solution (of known 
Strength) taken in the burette using phenolphthalein as indicator. 
Reapeat the expt. three times. Tabulate your results as usual 
and take the mean of these readings. Wash the burette well 
with distilled water and then finally with given НС! solution 
thrice, taking about 4-5 ml. of the solution for each washing. 

Wash the conical flask with distilled water only and take 
25 ml, of NaOH solution in it. Titrate with given HCI solution 
taken in the burette using. methyl orange or phenolphthalein 
as indicator. Repeat the titration three times; tabulate: your 
results as usual and take the mean of the readings. 
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Calculation 

Let for neutralisation of 25 ml. of alkali the volume (mean. 
value) of oxalic acid.required—x ml. and the volume (mean 
value) of HCI (of unknown strength) required for neutralisatión 


-of the same amount of alkali —y ml. 
Suppose the known strength of oxalic acid solution —S, (М) 


and the strength of НС! solution—S(W), which is to be 
determined. 


[| ~, amount of HCl in gms/litre = xX$x365 ji 
22 
Experiment: 


Analysis of commercial caustic soda or analysis of mixed 
alkali (NaOH + Ма.СО.). 


Procedure 

(2) Take 25 ml. of the given alkali solution in a 250 ml. 
conical flask and titrate with a standard acid (e.g., 
standard НС) in the burette using phenolphthalein as 
indicator till the pink colour just disappears. Note the volume 
of acid required. At this stage the whole of caustic soda and 
half of Na,CO, has been neutralised. Now add a drop or two 
of methyl orange to the contents in the conical flask, when the 
solution turns faint yellow. Continue addition of acid drop- 
wise till the yellow colour changes to just pink. Note the volume 
of acid required in the second stage of titration. This acid has 
neutralised the remaining half of Na,CO;. Repeat the whole 
expt. three times and tabulate the results as usual. Take the 
mean volume of acid for each of the two sets of titre values, ` 


Calculation 
Let V, ml. be the volume (mean) of acid required in 


the titration with phenolphthalein as indicator and V, ml; be 
the volume (mean) of the same acid required in the titration 
with methyl orange as indicator. Suppose also that the 


strength of acid— S(N). 
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Total Na.CO, corresponds to 2V, 
Hence NaCO, present in 25 ml. mixed alkali 
—2V, ml. of S(N) acid—(2V, x Sx 0:053) gms. 

Whole of NaOH corresponds to (У, — 

-. NaOH present in 25 ml. mixed alkali=(V,—V.) ml. 
of S(N) acid = ((V,—V3) x Sx0:04) gms. 

(ii) The same result can be achieved by a slight modifica- 
tion of the above procedure: 

Take 25 ml. portion of the mixed alkali in a 250 ml. 
conical flask and. titrate with standard acid using methyl 
orange as indicator. The volume of acid at this stage 
corresponds to total alkali present in the mixture. Let this 
volume be V ml. If the experiment be carefully done 


then V—V4d- V, 


i.e., the acid required in the experiment must be equal to the 
sum-total of the acid required in the previous experiment. 

Titrate another 25 ml. portion of the mixed alkali with 
Standard acid using phenolphthalein as indicator. Let this 
volume be V, ml. The acid required (at this stage) corresponds 
to whole of NaOH and half of Na,CO,. 

[Repeat the experiments, tabulate the results as usual and 
take the mean value of each set of titre values.] 


Calculation X 
Total NaCO; present in 25 ml. of the mixed alkali 
= .2(V—V4) ml of S(N) acid 
= {2(V—V;)xS} ml. of (М) acid 
= Q(—Vi)xS) ml. of (№) Na CO, solution 
= (Q(V—V3)x5x0:053) gms. 
Total caustic soda corresponds to V—2(V—V,) i.e., QV4—V). 
Hence total NaOH present in 25 ml. of the mixed alkali 
= (27.—И) ml. of S (N) acid 2 
(QV,—V)x S} ml. of (№) acid 
= (QV,—V)xS) ml. of (М) NaOH solution 
= QV—V)xSx0:04 gms. 
'N.B. 1. Note that the acid reacts with NaOH aha . 
Na;,CO;, according to the equations (а) and (b) respectively: 
(а) NaOH --HCI-zNaCIH-H,O 


|| 


о 
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(Б) Na4,CO;-- HCI—NaHCO;-- маст 
NaHCO;4-HCI — NaCl4-H,0 4- CO;. 

; Непсе їп {һе case of caustic soda. (and sodium bicarbonate) 
the formula weight is the equivalent weight and in the case of 
Ма, СО; the equivalent weight is half of the formula weight. 

1 ml. of (№) НСІ = 0:042. NaOH. 
1 ml. of (М) НСІ = 0:053g. — Na,CO,. 
0:084g. NàHCO,. 

/2. The equation (b) shows that Ма СО; reacts with acids 
in two stages. Na,CO, is first converted into bicarbonate and 
at this bicarbonate stage (half-neutralised stage) the pH of the 
solution is about 8:3; when phenolphthalein becomes almost ` 
colourless. Thus with phenolphthalein, the point at which half 
of МагСО; is neutralised is detected. 

3. In order to obtain the amounts of NaOH and Na,CO, 
in gms. /litre multiply the above results Бу 40, because 25 mili of 
tion was taken for titration. 3 | 


| 


WW 


the solui 


Experiment: 


Determination of a mixture of Na,CO, and NaHCO, 


Procedure ; 
Take 25 ml. of the given solution in a 250 ml. conical flask 


and titrate with standard hydrochloric acid solution using methyl 
orange as indicator. Repeat the experiment three times; tabu- 
late your results as usual and take the mean value for calcula- 
tion. Let this volume be V ml. This corresponds to total alkali 
(Na,CO, + NaHCO)). | 

Titrate another 25 ml. portion óf the given solution with the 
same: acid using phenolphthalein as indicator. Repeat the 
experiment as usual. Let the volume (mean value) of the acid 
requjred be V, ml. This corresponds to half of the sodium 
carbonate present in the mixture. 


Calculation 


Suppose the strength of standard acid S(N) 
Therefore, total Na,CO, present in the 25 ml. portion of the 
given solution=2V, ml. of S(N) acid. 
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—(2V,x5) ml of {N) acid 
=(2V,xS) ml. of (№) Na CO; ‘soln. 
—(QV, x S) x 0:053g. 


And total bicarbonate present in the 25 ml. portion of the 
given solution=(V—2¥,) ml. S(N) acid 
={(V—2V,) x S) ml. of (М) acid 
={(V—2V,) X S) ml. (№) NaHCO, soin. 
==(V—2V,)x SX0:084 в. 


Multiply each of the above results by 40 in order to obtain 


the amounts present in one litre, since 25 ml. portion of the- 


solution was taken for titration. 
Experiment: 


Determination of ammonia in a given solution of ammonium 
salt. 
(a) Procedure 

Take 25 ml. of the given solution of ammonium salt (other 
than carbonate and bicarbonate) in a 250 ml. (better if 
the size is bigger) conical flask. Add a measured volume of 
standard NaOH solution in excess. To Avoid mechanical loss 
place a small funnel in the neck of the flask. Boil the solution 
and continue heating until no more ammonia evolves. [Hold 
a-piece of filter paper moistened with mercurous nitrate solution 


in the issuing steam. If ammonia be present; the filter paper ` 


turns black.] Cool the flask. Wash the inner side of the flask 
with a little distilled water. Wash also the funnel and its 
Stem using little distilled water. Take the washing in the flask. 
Now add a drop or two of methyl red or phenolphthalein and 
run into the mixture standard solution of hydrochloric acid 
from a burette. 


Calculation 
Let the strength of NaOH solution =$,(N) 
EN " HG aes =S,(N) 
Let the volume of NaOH solution added — —V ml. 
НСІ solution required =V; ml. 


» 


V "mL of S, (N) НС1=(И х5.) ml. of (N) НСІ solution 
=V, x So) ml. of (N) NaOH solution. 
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Again, V ml. of S,(N) NaOH зомйоп—=(ИХ 51) ml. of 


(N) NaOH solution. 
Hence the volume of NaOH Rotation that reacted with 


ammonium salt 
—(VS,—V,S;) ml. of (N) NaOH solution. 
amount of ammonia in 25 ml. of the given solution 
—(VS,—V,S;) x 0:017g. 
amount cf ammonia in gms/litre of the given solution 
=(VS,—V,S,) x 0017 40. j 
N.B. With phenolphthalein the solution at first turns pink 
and the end point of the above titration is indicated when the 
pink colour just disappears. 
With methyl red the solution at first turns yellow and 


the end point of the titration-is indicated, when the solution 


just turns red. 

The reactions that occur in the above expt. are expressed 
by the following equations: 

NH;,CI--NaOH—NH; 1- NaCl-++H,0. 
NaOH--HCI—NaCH-H;O 

= 1 NH,Cl=1 маон=1 NH, 
or, 1,000 ml. of (N) NaOH solution=17 gms. of NH; 

1 ml. of (№) NaOH solution=0" 017g. NH. 


(5) Method involving the use of formaldehyde 


Principle 
When an ammonium salt (say МН,СІ) reacts with formals 


dehyde, hexamethylene tetramine is formed and an equivalent 
amount of acid is simultaneously liberated. Hence by titra- 
ting the liberated acid with standard alkali, amount of ammo- 
nia present in the given ammonium salt solution can be 


determined. 
4NH,Cl-+-6CH,0=(CH,).N,+-6H,0-+ 4HCl. 


Procedure 

Take 25:1. of the given ammonium salt solution in a 
250 ml. conical flask. Add an excess of neutral formaldehyde 
solution till it smells of formaldehyde. Shake and allow the 


‚ А.С--15 
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mixture to stand for five minutes. Titrate with a standard 
canstic soda solution till the pink colour just appears. 


Caleulation 
Let the volume of NaOH required— V ml. 
and the strength of NaOH solution=S(N) 
V ml. of S(N) NaOH solution=(V x S) ml. of (N) NaOH soln. 
anount of ammonia іп 25 mI. ofthe given ammonium 
salt solution— V x 5 х 0:017 g. 


amount of ammonia in gms./litre of the given solution 
=/х5х0:017 х 40. 


М.В. 1. Preparation of neutral Jormaldehyde: 

To the formaldehyde solution supplied add а drop or 
two of phenolphthalein and then add caustic soda solution 
dropwise till a faint pink colour just appears. Use the neutral 
solution thus prepared. 

2. Wash the burette first with dil. acid and then with water 
immediate’ ier the completion of titration, because caustic 
Soda solution attacks glass. 

[Note that in all the above cases of estimation, it is desirable that 
the volume of the solution taken in a flask should be made up to a 
workable one (i.e., about 50 ml. or a little more) by dilution, if 
necessary, with proper quantity of water before allowing it.to react 

‚ with the other reactant taken in the burette. This will prove ad- 
yantageous for stirring the solution during titration and noting the 
colour change through the whole mass of solution.] 


CHAPTER IV 


VOLUMETRIC ANALYSIS : 
B. REACIIONS IN WHICH CHANGE OF. 
VALENCY OCCURS 


Oxidimetry and Reductimetry 


The équivalent weight of an oxidising or reducing agent 
is defined as the parts Бу wt. of the substance which combine 
with or contain 1:008 parts by weight of (available) hydrogen 
or 8:000 parts by wt. of (available) oxygen or its equivalent. 
Let us take, for examples, the case of KMnO, and K,Cr,0,, 
the equivalent weight of which can be calculated with the help 
of the following equations: 5 

(i) 2KMa0,++-3H,S0,—K,SO, -2MnSO, --3Н,О--5 6. 
or (the hypothetical equation) 2KMnO,=K,0+2Mn0-+-50, 

(ii) K;Cr;Ozd- -4H,S0,— KSO,- Cr,(S0,),-L- 4H,0-I-30, | 
or (the hypothetical equation) K,Cr,O,—K 50-Е Сг.О, +30. 

Thus we sec that in ihe acid medium two molecules of 
KMnO; supplies 5 atoms ‘of oxygen and hence the equivalent 
weight of KMnO, — s = 5 = 31:6. And the equi- 


; K;Cr,O 7 s 
valent weight of K,Cr,0;, = “== = 49:04, since in the acid 


medium one molecule of K,Cr,0, ше 3 atoms of oxygen 
[see the equation (ii) above]. 

The above treatment though useful for beginners is limited 
in application. А more general approach is to consider the 
oxidation; a process, which results in the loss of one or more 
electrons by atoms or ions, while reduction is one that involves 
the gain of one or more electrons by atoms or ions. In the 
light of this electronic theory, a more general definition of the 
equivalent weight is : 

The equivalent weight of an oxidant or a reductant is the 
molecular weight of the compound divided by the total number 


of electrons that are gained or lost in a raction by the oxidi- 
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sing or reducing ion respectively ‘рег one molecule of the 
substance. The partial ionic equations for the normal reduction 
of KMnO, and K,Cr,O, in acid medium can be expressed as 
follows: 

MnO, +88+-+5e=Mn*+4H,0 

Cr,O; —-14H*--6—2Cr-9--7H,0 


Eq. weight of KMnO, — ОЕ 
and N 'K,Cr;O; = DURER 


Similarly, for the oxidation of ferrous ion to ferric ion, the 
following partial ionic equation can be written: 


Fet+—e=Fett+ 
Eq. wt. of ferrous salts — Mol. wt. of ferrous salt , 


Hence in the redox process the equivalent weight and mole- 
‚ cular weight of a ferrous salt are identical. 


Since the equivalent weight depends upon the reaction 
concerned, it should be noted here that the same substance 
may have different equivalent weights. Reduction of KMnO, 
in neutral medium, for example, can be expressed by the 
following partial ionic equation: 

MnO,-+2H,0+3e=Mn0,-+-40H-. 


Hence eq. wt. of KMnO, here is 1/3 mol. wt. and not 1/5 mol. 
wt. as in the acid medium, Again oxidation of potassium 
tetroxalate KHC,O,, H,C,0,. 2Н,О is represented by the follow- 
ing partial ionte equation: С,О,-- —22е————-200,. Since та 
gm. molecule there are two САО, - -, the €q. wt. of tetroxalate 
is here 1/4 mol. wt. But the neutralisation of potassium 
tetroxalate by caustic soda is expressed as: 

KHC,0,,H,C,0,.2H,0 + 3NaOH=KNaC,0,,Na,C,0,+5H,0. 
Hence the eq. wt. of the same tetroxalate in this reaction 
is 1/3 mol. wt. and not 1/4 mol. wt. as in oxidation of tetroxalate. 
Thus, we can see that the same substance may have different 
equivalent weights. 
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(а) Methods involving the use of oxidation with potassium 
permanganate: 

Preparation of standard (N/10) oxalic acid . solution: 
see p. 215. 

Preparation of standard (М/10) sodium cm solution: 
The partial ionic equation for oxidation of both oxalic acid and 
sodium oxalate is expressed as follows: _ 

€,0,7- —2e=2C0,, 

Hence the equivalent weight of both sodium oxalate. я 
oxalic acids is half of their respective molecular weights. Mole- 
cular weight of sodium oxalate is 134 and equivalent weight is 


therefore. E =67. Hence in order to prepare 250 mì of 6-1(N) 


solution of sodium oxalate 1:675 gms. of the pure substance are 


~ 67 
required. [ 15102 1675 e] 


Procedure , 

Weigh out accurately about 1-7g. of pure sodium oxalate 
into a clean 250 ml. measuring flask ‘fitted up with a 
funnel. Wash down the whole of sodium oxalate by care- 
ful addition of distilled water. Now hold the flask firmly and 
shake well. Add some dil H,SO, to make the. dissolution 
When all the dd has dissolved make the E 


complete. 
up to the mark. 

Let the wt. of sodium oxalate taken= W gms. 

Strength of oxalate solution thus prepared 


N/10 


е. УУ 
Е 
[Calculate up to 4th. place of decimal.] 

N:B. И may be rather difficult to dissolve sodium oxalate 
in water alone. Addition of some dil. H,SO, will be effective. 
Sodium oxalate may however be dissolved directly in 0-5 (N) 
H,SO,. 

Preparation of standard (N/10) Mohs salt FeSO,, 
(NH;),50,.6H,O (Ferrous ammonium suiphate) solution: 

The partial ionic equation for oxidation of ferrous ion to 


erric state is expressed as follows: 
у Fet—e-—Fett*. 
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With ferrous ammonium sulphate one ferróus ion per 
molecule of the salt is oxidiséd to ferric state by loss of only one 
electron. Hence the eq. wt. of this substance is the same as the 
molecular weight, which is 392. In order to prepare, therefore, 
250 ml. of 0:1 (N) solution of Mohr's salt 9-8 gms. of pure salt - 


are required. E = 9:8g. ] 


Procedure 


Weigh out accurately about 9:8 gmis. of pure salt in a 
250 ml. flask. Dissolve the salt directly in H,SO,(0'5 N to 1N) 
by careful shaking. When all the solid has dissolved, make up 
the volume to the mark by careful addition of same acid. 

Let the wt. of the substance taken-- W gms. 


: ROMA P 
Strength of the solution thus prepared — 53 (т) 


[Calculate up to 4th. place of decimal] 
М.В. 1. Note that ferrous sulphate is easily oxidised by 
air (on exposure) to basic ferric sulphate. To stabilise ferrous 
sulphate it is crystallised with ammonium sulphate and the 


product fertous ammonium sulphate is used instead of ferrous 
sulphate. 


2. In precision work ferrous ammonium sulphate cannot 


be used as a primary standard due to uncertainty of its purity. 


Preparation of 0-1 N Potassium permanganate solution: 
It has already been shown that the equivalent weight of 


KMnO, is 31:6. Hence to prepare | litre of approximately 
0:1 (№) solution about, 3:2 gms. of the substance are required. 


Procedure ў \ 


Weigh out оп a watch glass about 3:2 gms. of finely powdéred 
KMnO, of analytical reagent quality. Transfer the entire solid 
into a big beaker (500 ml.). Add warm distilled water and shake. 
Now decant the clear solution from the top into a litre flask. 
Repeat this operation of dissolving out the solid. by shaking 
with warm distilled water added in portions (taking care that 
the total volume of the solution is always less than 1 litre) till 
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nearly all the solid has dissolved. Then shake the flask 
vigorously and finally make up the volume to the mark with 
more distilled water. Shake well, stopper the flask and keep 

away from direct light (better darx) except when in use. The 

solution thus prepared is approximately 0.1 (№). Determine the 

exact strength by titrating against standard oxalic acid or better 

sodium oxalate solution (of accurately known strength) before 

use. 

N.B. Potassium permanganate is not used as a primary 
standard because of the following reasons: 

(i) It is not usually obtained in a very pure state and free 
from manganese dioxide. ] ; * 

(ii) The presence of manganese dioxide catalyses the auto- 
decomposition of KMnO; solution. 

(iii) Moreover, KMnO; -being a strong oxidising agent a - 
portion of the reageht is used up in oxidising the oxidisable 
impurities present in reagents or distilled water. It can also 
undergo photochemical decomposition. 

(iv) Filtration is preferable to decantation. This may be 
done by: (a) passing through a Gooch containing a pad of purified 
asbestos, (b) passing through a plug of purified glass wool in 
a funnel; etc. у 


Experiment: 
Determination of strength of KMnO, solution (standardisation) 


(a) Standardisation against oxalic acid (or sodium oxalate) ` 
solution: 
Procedure $ 

Take 25 mi. of standard oxalic acid (ог sodium oxalate) 
solution in a 500 ml. concial flask (ог beaker). Add 150 ml. 
of 2(N) H,SO,. ~ 

Heat to about 80°С. Run in the permanganate solution 
from an all glass burette into this hot solution, with constant 
stirring and see that the temperature of the solution may not 
fall below 60°C during titration. At first, add permanganate 
in small quantities at a time.. But towards the end, take care 
to allow each drop to be completely decolourised before the 
next is introduced. Stop addition of KMnO,, when just one. , 
drop imparts pink colour to the whole mass of the solution. 
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Note that the pink colour after lasting for 30 secs. may 

disappear again. Note the volume of KMnO; solution added. 
* 

Repeat the titration twice, at least. 


Calculation 3 

Let the strength of oxalic acid solution— S(N) 

and volume of KMnO, solution added— Иті. 
Sx (м) 

*In subsequent titrations addition of 90-95% of the titrant 
prior to heating i$ advocated by some authority. Г 

“М.В. (i) Prepare approximately (2N) H,SO, by cautious 
addition of about 25 ml. of conc. acid to 425 ml. of water and. 
use 150 ml. of this acid for each titration. - 

Ui) Always note the upper meniscus of KMnO, (апа in 
fact for all densely coloured) solution. 

(iil) Oxidation of oxalic acid by permanganaie is represent- 
ed by the following equation: 

2KMn0O, +3H,SO,+5H,C,0, 

=K,SO,+2MnSO,+10C0,+8H,0. 

Decolourisation of KMnO, is slow in the beginning but 
becomes rapid with the formation of MnSO,, which, therefore, 
‘acts as a catalyst. Hence, at the beginning the titration should 
be slow enough to have sufficient Mn**ions. 


Strength of KMnO,— 


(b) Standardisation against ferrous ammonium sulphate: 


Procedure 
Take 25 ml. of ferrous ammonium sulphate solution in a 
500 ml. conical fiask. Add about 35-40 ml. of 6 (№) Н,50.. 
` Dilute to 150 ml. with water. Run in the permanganate solution 


from the burette till a faint pink colour develops throughout the 
whole mass of the solution. 


Calculation 
Let the strength of ferrous salt solution = S(N) 


Volume of KMnO, solution = V ml. 
Strength — ,, 5 = 5, (№) 
25xS = VXS, 


or, strength of KMnO; solution, i.e., gie? x 22 (N) 
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N.B. (i) Stir the contents of the conical flask. (by giving 
swirling motion) constantly during titration. à 

(ii) Note the first appearance of the permanent faint pink 
colour.. 
(iii) 1t is advisable to add about 2 ml. of syrupy phosphoric 
acid, as it makes the colour change more sharp at the end-point 
by forming colourless complex [Fe(HPO,)}* 


Experiment: n 
nation of the amount of iron per litre in а given ferrous - 


Determii 
permanganate solution. 


iron solution using а standard 


Procedure: у ч 

Take 25 ml. of the given solution in a 500 ml. conical flask. 
-Add 35-40 ml. of 667) HySOs. Dilute to 150 ml.; titrate with 
KMnO, solution till the first permanent pink colour develops 
throughout, the whole mass of the solution. Repeat the 
experiment iwo times. Take the mean of these values for. your 
calculation. Determine also the exact strength of the given 


permanganate solution in the usual way. 


Calculation 


Let the exact strength of 
determined by experiment— S(N) and 
the volume of KMnO; solution required to oxidise 25 ml. of 
ferrous iron solution=V. ml. 
Since 1 ml. of (№) KMnO, solution = 0:056g. of Fe 

1 ml. of S(N) KMnO, solution = (0:056 x S)g. of Fe 

— V ml S(N) KMnO; solution = (0:056 x Sx V)g. of Fe 
or, 25 ml. of ferrous iron Solution = (0:056x Sx V) g. of Fe. 

Iron present per litre =(0:056 x Sx V x40) gms. 


given permanganate solution 25 


The result can also be expressed in terms of gms. of Mohr's 
salt per litre as follows’: 
56g. of Iron z 392g. of Mohr's salt 
or, (056g. » z0392g. =» E 
Mohr' salt present per litre 
=0392х Sx V x 40g. 
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Similarly, the result can be expressed in terms of gms. of 
FeSO,. 78,0 per litre, as 56g. of Iron—278g. of FeSO,. 7Н,О. 

М.В. (0) Here also the colour change at the end point is 
much improyed by addition of a few ml. of syrupy phosphoric 
acid. р З Г 
(Gi) In. presence of chloride ions,. the ferrous iron 
solution cannot be'titrated as such with KMnO, solution. In 
such a case don't add phosphoric acid but add about 20 ml. of 
Reinhardt solution before titrating with KMnO, solution. 


Experiment: 


Determination of the amount of iron per litre of a given 
ferric iron (or, a mixture of ferric and ferrous iron) solution with 
permanganate solution. 

Principle 


Ferric iron is first completely converted into ferrous state by 
means of a suitable reducing agent and after the removal of 
excess of reducing agent the ferrous salt is converted (oxidised) 
to ferric state again by titrating with a standard. solution 
of KMnO,. The hot solution of ferric chloride, for example, 
when treated with stannous chloride solution in a medium which 

is 5—6 (N) with respect to hydrochloric acid, is quantitatively 
teduced to ferrous chloride. 
2FeCl,-++SnCl,-=2FeCl,+-SnCl,. 


х The ferrous ion is then oxidised to ferric state by allowing 
it to react with KMnO; solution under suitable condition. 


Procedure 


Take 25 ml. of the solution in’ a 500 ml. conical flask. 
Add 20 ml. conc. HCl and heat just to boiling. Remove 
the source of heat, add dropwise concentrated solution of 
SnCI, till the yellow colour of the solution has nearly disappear- 
ed and then add a more dil. solution of SnCl, (prepared by 
mixing one volume of SnCl,4-2 volumes of dil, HCI) drop by 
drop till the yellow colour’disappears (avoid large excess 
of SnCh). Shake after each addition of SnCl. Coot rapidly to 
room temperature under the tap. Add about 10 ml. of a satura- 
ted solution of HgCl,—all at a time with shaking and allow to 
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stand for 5 minutes. A slight silky white ppt!., should appear at 
this stage. Dilute to about 300 ml. with distilled water. Add 
25 ml. of Zimmermann?—Reinhardt solution. Titrate the mix- 
true slowly and with constant stirring with KMnO, solution till 
the first pink colour develops throughout the bulk- of the 
mixture. The pink colour fades away after 15 seconds. Мое the 
volume of KMnO, solution, which corresponds to whole of iron 
(Ferric-+-Ferrous). Repeat the experiment at least two times. 
Calculation: See the calculation of the previous experiment. 


Notes 1. The little excess of SnCl, added reduces mercuric 
chloride to mercurous chloride, which is precipitated in the 
shape of silky white suspension. 

2HgCl, 1 SnCl,— На СЬ-ЕЗаСЬ. у 

Непсеа white ppt. indicates that an excess of stannous chloride 
has been added. Should no ppt. appear on addition of HgCl,, it is 
most likely that the amount of SnCl, added is not sufficient enough 
to reduce the whole of ferric iron to ferrous iron. If, on the other 
hand, a heavy white ppt. ога rey (or black) ppt. appear, too much 
of SnCl, has been added. In either case, the result will be in- 
accurate. Throw away the solution and start the experiment anew. 

2. The redox potential of: 

MnO,'|Mn* is 1.52 volts 
Fet++/Fe** is 0.77 volt 

Cl,/2Cl- is 1.36 volts 

Thus, permanganate being а strong oxidising agent oxidises not 
only Fett ions (Fet+ to Бен) but also tends to oxidise Cl’ ion 
(СР to Cl,). Besides, this latter reaction (i.2., change of Cl’->Cl,), 
which is an undesirable side reaction is induced by the former 
reaction (i.e., Fet+ to Fet+* by MnO,’). 

The mangánous sulphate (i.e, Mn** ions) present in Rein- 
hardt solution reduces the redox potential of MnO,’/Mn** system 
making KMnO, a weaker oxidising agent and the Ci’ ions in 
consequence are prevented from being oxidised by MnO,’ ions. 

` But the above explanation now appears to be inadequate. Mn (09 
seems to be always involved.in the reduction of Mn(VII) i.e., 
permanganate ion to Mn(II). The protective-solution Z-R, as it 
is called, provides sufficient concentration of Mn(II) to react 
with any local excess of permanganate and thus the reduction 
of any intermediary states of manganese to Ма( 15 also ensured. 
The potential determining system is actually the Ма (11) -Mn(II) 
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couple. The Mn CID - Mn(II) potential is lowered largely by 
phosphoric acid and to a smaller extent by sulphuric acid. А 


But phosphoric acid, ie., PO,” ions added remove yellow- 
coloured Ее++ ‘ions in the form of colourless coniplex ions and 
thus also the redox potential of Fet++/Fet+ System is reduced 
2nd consequently the reducing power of Fett ion. is increased; 
"while the redox potential of Cl,/2Cl’ remains unaffected. "Моге- 
over, Mit^* ions act as a Positive catalyst in the oxidation of 
Fet to Fem by KMnO,. Another less important function 
of PO,''' ions is to make the end-point more clearly visible, the 
yellow-coloured Fet ions as has already been stated being 
Temoved in the form of colourless complex ion. 


Experiment 


Determination of the amount of calcium per litre in the solution - 
Supplied. 
Principle б 7 
Calcium is precipitated from the known volume of the given 
Solution as oxalate. The precipitated oxalate on being treated 
: With dil sulphuric acid, oxalic acid is liberated. The liberated 
acid is titrated with Standard KMnO; solution. $ 


CaC,0, +H,50,=CaS0; +н,С,0, ; 5 (0) 
2КМпо, +36,50, +5Н,0,0, 
=K,SO,+2MnS0,+10CO,+8H,0  .. ii) 


об дё 
From. ейп. (8) 1/5 mol. of KMn0,=} mol. of oxalic acid, 
Again from eqn. (i) 1 mol. of oxalic acid=} mol. of Сас,о, 


-*. 1/5 mol of КМпО;=} mol. of oxalic acid = $ mol. 
of CaC,0,. г 


- 1,000 ml. (№) КМпо, solution=} mol, of oxalic acid, 
which can be obtained from $ тој. of CaC,0,. 


Procedure i 


Take 25 ml. of the given calcium solution in a 300 ml. beaker, 
Dilute to about-200 ml. of with distilled water and add 2-3 drops of 


OXIDIMETRY AND REDUCTIMETRY 237 


` containing 1g. of ammonium oxalate solid with constant stirring. 


To the hot mixture (70°—80°) add dil. solution of ammo- 
nium. hydroxide (1:1) dropwise with constant Stirring till 
the mixture is faintly alkaline (indicated by yellow colour of the 
solution). A white ppt. of calcium oxalate comes down. Heat 
the mixture to boiling and allow to stand for half an hour 
(preferably one hour) on an asbestos board over a small flame. 
Add a few more drops of ammonium oxalate solution to the 
Clear solution on the top to see if the precipitation is complete?. 
Decant the supernatant liquid down а glass rod through а 
quantitative filter paper (Whatman No. 40). Don't pour too much 
of the solution on to the filter paper at a time and see that the 
upper ‘level of the solution is always about 1 cm. below the rim 
of the paper in the filter. Wash down the inner side of the 
beaker with little hot water taking care that the volume of the 
wash-liquid is just sufficient to cover up the ppt. Gently 
swirl, allow to stand for a few minutes and then decant the 
liquid into the filter. Repeat the process 3-4 times, pour each 
washing after the previous one is completely drained, off and 
then transfer the ppt. on to the filter. Мом wash the ppt. on the 
filter paper several times using small quantities of cold distilled 
water every time till the washing? is free from chloride and oxa- 
late [test the filtrate with (i) CaCl, solution to which a little 
NH,OH аз added (better add one or two drops of washing 
to dil. solution of KMnO; acidified with dil. HSO,, the presence 


„of oxalate will be indicated by the disappearance of pink colour 


of KMnO, on warming) and (ij) AgNO, solution respectively]. 


Place the beaker in which calcium oxalate was precipitated 
below the funnel containing the ppt. in such a manner so that 
the stem of the funnel just touches the innerside of the beaker, 
Pierce a hole in the apex of the filter paper with a pointed 
glass rod (taking care that not a bit of the filter paper falls into 
the beaker) and wash down the ppt. with a jet of hot water into 
the beaker. Treat the filter with hot 4(N) H,SO, by pouring 
the acid in small quantities at a time on to the filter. Finally, 
wash the filter several times thoroughly with hot water so that 
all the oxalate has been washed down. Add a few ml. more of 
the diluted acid, if necessary, for getting a clear solution. 
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Dilute the solution to about 200 ml. Heat it to about 80°C 
and titrate in the usual way by cautious? addition of KMnO, 
solution ‘from the burette. 


Calculation Ф 
Let 25 ml. of the calcium solution . 
=V ml. of S(N) KMnO, solution. 
25 ml. of the calcium solution contains 
VxSx0:02g. of calcium. 
Hence the amount of calcium per litre 
=VxSx0-02 х 40g. 


NB. 1. Note that within the time limit the repetition 
of the experiment not being feasible, the titration with KMnO, 
solution should be carried out very cautiously . 

2. Ammonium oxalate must be present in large excess. 

3. Avoid excessive washing, since calcium oxalate is slightly 
soluble in water. 


(8) Methods involving the use of oxidation with Potassium 
dichromate. 


Unlike potassium permanganate, K,Cr,O, is obtainable in · 


the purest form and stable up to its fusion point. Moreover, 
the aqueous solution keeps well for an indefinite period. 
Hence K,C1,0, solution can be-used as a primary standard. 
A standard solution of K,Cr,O, of accurately known strength 
is prepared by dissolving a weighed amount of the pure and dry 
‘salt in a proper volume of water. 


Preparation of standard solution of K,Cr.O, . 
The oxidation reaction with K,Cr,O, in acid solution is 
represented by the following equation : 
Сг„О;”--14Н+--бе=2Сг++-Е7Н,О. 
Hence the equivalent weight of K,Cr,O, is 1/6th. of the. 
29421 


moleculat we ight, ie. 6 


= 49:035. Therefore, in order 


to prepare 250 ml. of K CrO; solution of ue сше; about 


49:035 


reat g., i.e., 1:2258g. of the salt are to be taken. ` 
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Procedure +. 

Weigh out about 1-225g. of the pure and dry powdered 
salt in a 250 ml. volumetric flask. Dissolve in and finally make 
up the volume with distilled water in the usual way. 


Calculation р А 
Let the weight of K;Cr;O; taken=W gms. 


ml. у ум 
Q of the solutio Е 
on br h e ion prepared malo) 


Experiment : 
Determination of the amount of ferrous iron per litre in a given 


ferrous iron solution. 


Procedure 

Take about 209 ml. of water in a 500 ml. conical flask. 
Add cautiously about 10 ml. conc. HSO, acid with 5 ml. syrupy 
phosphoric acid; cool and. add from a pipette 25 ml. of the 
given ferrous solution. Now add 5-6 drops of diphenylamine 
indicator. Вип іп from the burette standard dichromate solution 
giving a constant swirling motion to the fiask till the solution in 
the flask becomes green. Then add dichromate dropwise. Rotate 
the flask after each addition and note the effect of previous drop 


` before adding in the next. The end-point is indicated when 


only with one drop of dichromate the whole solution in the flask 
assumes a permanent blue violet coloration. Take the burette 
reading and. repeat the experiment at least twice. [The readings 
should not differ by more than 0-1 ml]. Note the mean value 
and deduct 0:05 ml. (which is used up by the indicator itself) 
from the mean to get the actual volume of dichromate required 


- for oxidation of ferrous iron. 


Calculation 
Let 25 ml. of ferroug iron solution 
А =V ml. of S(N) K;Cr,O, solution. 
25 ml. of ferrous iron solution contains 
VxSx0:056g. of iron. 
Hence the amount of iron per litre in the given solution of 
ferrous iron V X 5х0:056х 408. | + уз 


240 А TEXT BOOK OF ANALYTICAL CHEMISTRY 


М.В. Once the end-point is determined with . certain 
amount of accuracy, add the indicator very close to the end- 
point while repeating the experiment. 

Note: The indicator action of diphenylamine is dependent 
on: - 3 : 
(i) its oxidation first “to colourless diphenylbenzidine, 

which (i) is reversibly further oxidised to diphenylbenzidine 
violet. : 

Note also that the redox potential or the change-potential 
as it is called of the system II (ће. diphenylbenzidine violet- 
diphenylbenzidine) is 0-76 volt at 25°, while that of Fe*?/Fe** 
is of 0:77 volt. Hence in order to get correct result the redox 
potential of ferric/ferrous system must be reduced well below 
the normal value of 0:77 volt so that the potential at the 
equivalence point coincides nearly with that of the indicator. This 
is achieved by adding phosphoric acid, which removes ferric ions 
in the form of colourless complex and thus lowers sharply the 

_ redox potential of ferric/ferrous system. 


Experintent 


Determination of the amount of ferric iron per litre in a given 
ferric iron solution. 


Procedure 
Take 25 ml. of the given ferric iron solution in a 500 ml. 
conical flask. Add 25 ml. of conc. HCl. Reduce ferric iron 
with stannous chloride and remove excess of SnCl, by treat- 
ment with HzCl, (see the method involving the use of КМпО,). 
Dilute the solution to 200 ml. add 5 ml. syrupy phosphoric 
acid and 5-6 drops .of diphenylamine indicator. Titrate in 
usual way with dichromate to permanent violet-blue coloration. 
Take the burette reading and carry out two further titrations 
«(see ‘ferrous iron—dichromate' titration) at least. Note the 
mean of the readings and subtract 0:05 ml. from this mean 
value to get actual volume of K;Cr;O; required. 


Calculation 
Same as in the preceding experiment. 
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N.B. Мое that the-volume of dichromate corresponds to 
total iron. ^e., ferrous-r-ferric, if a mixture of the two be given. 


(7) Todometry—Methods involving the use of reduction by 


iodide. 


In iodometric estimation the amount of iodine liberated in a 
chemical reaction is determined by titration with a standard 
solution of a suitable reducing agent. The standard redox 
potential of the system I’ = iL-e at 25°C is 0:53 volt, which 
shows that iodine is a weaker oxidising agent than КМпо,, 
K,Cr;O, etc. Strong reducing agent like sodium thiosulphate 
m quantitatively reduce iodine. If a strong oxidising agent 
be treated with an excess of iodide ions in acid solution, the 
oxidant is quantitatively reduced and an equivalent amount of 
iodine is liberated. Upon titration of this iodine, therefore, the 


amount of oxidising agent is found out. 


Preparation of standard solution of sodium thiosulphate 


Sodium thiosulphate Na,S,0,. 54,0 though obtainable in a 
pure state is not suitable as a primary standard because of its 
efflorescent nature and instability of the solution. 

It reacts with iodine according to the following equation: 

2Na,S,03;+]2 = Na,S,0,+2Nal Я 


Evidently the equivalent weight of sodium thiosulphate is its 
molecular weight. The same result is obtained in another way. 
Thiosulphate acts as à reducing agent Ge., it undergoes oxida- 
tion) by virture of the following reaction : 
28,0," —2e — S,0, 
Two molecules lose 2-electrons and the equivalent wt. of 
thiosulphate, therefore, is its molecular weight, which is 248-2. 


Procedure 
To prepare 250 ml. of approximately 0:1N solution - weigh 


out about &2 gms. of the solid in a rough balance and transfer 
it into à 250 ml. volumetric flask. Dissolve it in distilled water 
by shaking and make up the volume as usual. Put in a stopper, 
shake well and keep aside (preferably in the dark). 


A.C.—16 
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Standardisation of sodium thiosulphate solution 

(i) Potassium permanganate method* : 
Principle 

When KMnO, is treated in acid solution with an'excess 
of potassium 10dide, the former is quantitatively reduced and 
an equivalent amount of iodine is liberated. 

2KMnO,+10KI+ 16HCI=2MnCl, + 51,4 12KCl+ 8H,0. 

. The liberated. iodine is titrated with thiosulphate solution. 


From the known strength of KMnO, solution, the strength of 
thiosulphate solution is calculated. 


Procedure 


In a 250 ml. conical flask, take 50 ml. water, 5-6 gms. of 
iodate-free potassium iodide and give a swirling motion to the 
liquid to dissolve the solid. Run in 25 ml. of a standard 
solution of potassium permanganate from a pipette, add 2-3 ml. 
of сопс. НСІ. The liquid turns red due to liberation of iodine, 
Cover the flask with a watch glass and keep it in the dark for , 
about 5-10 minutes. Wash down with distilled. water the 
bottom of the watch glass and the inside of the flask) Run in 
sodium thiosulphate solution from а burette into. the mixture, 
whilst swirling the: flask constantly till the solution assumes а 
faint straw-yellow colour. Add 2 ml. of starch solution, when 
the colour becomes ‘blue. Continue addition of thiosulphate 
solution dropwise, swirling the liquid constantly till the blue 
colour is just destroyed. Take the burette reading and carry 
out two further titrations with two other 25 ml. of portions of 
KMnO, solution. Take the mean of the readings. 


Calculation 
Let 25 ml. of УНЕО solution 
= V, ml. S,(N) sodium thiosulphate. solution, 
„ИХ $4—25X S, 
235 
S, (М) : 
Note that 1 ml. of Bh Na,S,0. =0-03161g. КМгО,. 


*Note that the method is the least 1eliable ага Lcr«e. sl culd te avoided 
as far as possible. 


у 


OXIDIMETRY AND REDUCTIMETRY 243 

(ii) Potassium dichromate method : 
Principle 

When K;Cr;O, is treated in acid solution with an excess 
of potassium iodide, the former is quantitatively reduced and 
an equivalent amount of iodine is liberated. 

K,Cr,0,+6KI1+ 14HC1=2CrCl, +31,+8KCI-+-7H,0. 

The liberated iodine is titrated with thiosulphate solution. 
From the known strength of K;Cr,O; solution, the strength 
of thiosulphate is calculated. 


Procedure 
Take 25 ml. of K;,Cr;O; solution in a 500 ml. conical flask. 


Add 10 ml. (6N) HCI, and 3 gms. of iodate-free KI dissolved in 
10 ml. water and give a swirling motion to the liquid. The 

liquid mixture turns dark-red due to liberation of iodine. 

Cover the flask with a watch-glass and keep it in the dark for 
5 minutes. Wash down with distilled water the bottom of the 
watch glass and inside of the conical flask. Dilute with distilled 
water to about 250 ml. Run in sodium thiouslphate solution. 
from a burette whilst giving a'swirling motion to the flask. till 
the liquid becomes yellowish green. Add 2 ml. of starch 
solution, when the colour becomes blue. Wash down the 
inside of the flask with little distilled water and continue 
addition of thiosulphate solution dropwise with constant rota- 
tion of the flask till with one drop the colour of the solution 
changes from blue to light green. Note the burette reading 
and carry out at least two further titrations with other 25 ml, 

portions of the dichromate solution. Take the mean of the 


readings. 


Calculation 
Let 25 ml. of S,(N)K;Cr;O, solution 
=V, ml. of 5; (N) sodium thiosulphate soln, 


VX $,—25X S, 
==”) 
- Note that 1 ml. of (N) Ма;5,0,=0:0492. Кисљо, 
=0:017332. Cr. 


I 
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М.В. The excess of iddide which is always present in the 
system reacts with acid and hydriodic acid is formed. Hydrio- 
dic acid undergoes oxidation by air especially in presence of 
chromic salt. Hence, it is necessary for accurate work to add 
2 gms. of pure NaHCO, after the addition of КТ to maintain 
an atmosphere of СО, within the flask. р 


Experiment 

Determination , of strength of potassium dichromate 
[or amount in gms. per litre] in a given solution of 
unknown strength. 


Procedure 


Prepare a solution of K,Cr,O, (0-1М№ order) by weighing out 
the solid accurately and then dissolving it in a proper volume 
of water (see p. 239). Standardise a solution of sodium thio- 
sulphate against this dichromate solution of accurately ‘known 
Strength. Estimate the K,Cr,O,- solution supplied against this 
standardised thiosulphate solution iodometrically. 


Calculation 
Same as in the preceding experiment. Multiply the strength 


(in normality) by equivalent weight to get the amount present 
in gms/litre. 


Alternative method of calculation— 
Lei 25 ml. solution of K,Cr,O, of unknown strength 
== ml. of S(N) sodium thiosulphate solution 
—(VxS)ml. of (№) thiosulphate solution 
=V x 5 х0:0492. of K,Cr,0, | 
[since 1 ml. of (N) sodium thiosulphate=0:049g. of K,Cr,O.] 
amount of K,Cr,O, per litre in the given К.Сг.О, 
solution=(V x S x 0:049 x 40)g. 


Experiment 
Determination of copper (in gms/litre) in a given solution by 
sodium thiosulphate. 


Principle 
А cupric salt solution on being treated with an excess of 
potassium iodide, iodine is liberated and cuprous iodide 
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is precipitated under the experimental conditions stated below. 
By estimating the iodine liberated, therefore, the quantity of 
copper can be determined. The reaction between cupric salt ~ 
and iodide is represented by the following equation: 1 

2Cu -+41 '=Cul +I. 
per in this reaction is its atomic 


Equivalent weight of сор 
1 atom of iodine is liberated for 


weight, which is 63°57, since 


each atom of copper. 
Hence, 1 ml. of (N) thiosulphate solution=0-06357g. of Cu. 


Procedure 
Take 25 ml. of copper solution in a 500 ml. conical flask. 


Add dil. solution of ammonium hydroxide slowly till a slight 
permanent turbidity just forms. Add 5 ml. glacial acetic acid, 
shake, cool and add 3 gms. of iodate-free potassium iodide. 
A ppt. appears and the solution becomes dark brown. Run in 
immediately the standard solution of thosulphate from a burette 
(while swirling the mixture constantly) till the brown colour 
due to iodine changes to pale yellow. Dilute to 100 ml. and 
add 2 ml. of starch solution, (and one or two drops of 0-1N 
AgNO,, if possible) when the mixture becomes blue. Continue 
addition of thiosulphate dropwise with constant swirling of the 
mixture till the blue colour begins to fade; then add about 1:5—2 
gm. of ammonium thiocyanate and rinse down the inside of the 
conical flask with a little distilled water. Complete the titration 
as quickly as possible by adding thiosulphate drop by drop with 
constant swirling of the mixture till with one drop the blue 
colour changes to white or faintly yellowish white. Take the 
burette reading and repeat the experiment with two other 25 ml. 


portions of the given copper solution. 


Calculation 
Let 25 ml. of given соррег solution 
= ml. of S(N) sodium thiosulphate solution 


—(Vx S) ml. of (27) sodium thiosulphate solution 
=(V x 5) x0:06357 в. of Cu. 
Amount of copper per litre in the given copper-solution 


=y x SX0:06357 x40 g. 
N.B. 1. Nitrous acid, oxides of nitrogen etc. interfere 
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and hence they must be absent. And if they are present, they 
must be removed by boiling the given copper solution with 
urea. - А 

2. Silver nitrate solution renders the end-point mote 
sharp. 

3. Too much dilution of the solution is to be avoided as 
far as practicable. 

4. Some amount of iodine is adsorbed by cuprous 
iodide. Addition of ammonium thiocyanate converts Cu,I, 


into Cu(SCN), which is more insoluble; thus the adsorbed 
iodine is set free. 


[Determination of total quantity contained in the sample 
Supplied, 

In all cases, to determine the total quantity contained in the 
sample, transfer the whole solution without loss into a cleansed 
250 ml. volumetric flask. Rinse the bottle (in which the 
Solution was supplied) several times with little distilled water 
and pour down the wash-water every time into the main solu- 
fion in the volumetric flask. Make the solution up to the 
mark with distilled water. Putina stopper and shake carefully 
50 as to form a uniform solution. Measure out 25 ml. portion 
of this solution and carry out necessary operations as usual. 
Calculate the amount present in 25 ml. as usual and then 


multiply it by 10 to get the total amount contained in the 
sample supplied.] 


СНАРТЕВ У 
TITRIMETRIC ANALYSIS OF SOME SPECIAL SAMPLES 


Experiment 
Determination of iron in iron wire 


urately about 1 gm: of clean. iron wire into a 
conical flask. Add about 25 ml. of dilute sulphuric acid and’ 
warm gently, if necessary. | When the action* is complete (ignore 

` any separation of carbon particles), cool the flask and transfer 
the contents without 1055 into а 250 ml. volumetric flask. Make 
up the volume to the mark with 2(N) H,SO,. Pipette out 25 ml., 
dilute to 50 ml., add 2 ml. syrupy phosphoric acid and titrate 
with standard KMnO, solution: 

Alt. Method: Weigh out accurately about one gram of clean 
iron wire into 8 500 ml. conical flask. То the weighed 
sample add 50 mil. of 1:1 HCl and place a short funnel in the 
neck of the fiask. Warm gently and continue heating till the 
sample dissolves (ignore any separation of carbon particles). 
Rinse down the funnel and the neck of the flask with distilled 

Cool, filter through a quantitative filter paper into a 

]umetric flask. Wash with very dilute hydrochloric 

hings in the flask. Make up the 


Weigh out acc 


water. 
250 ml. vo 
acid and collect the was 


volume tothe mark. | 
Transfer 25 ml. of this solution into а conical flask and 


determine the iron titrimetrically say with standard KMnO, 
solution (see page 234) after reduction by stannous chloride. 
Carry oùt two further titrations at least and take the appropriate 


value for your calculations. 


Calculations E 
Let the weight of the sample taken=W ems. 
and 25 ml. of the iron solution i 
=V ml. of S (N)KMnO, solution 


sion is desired, attach a Bunsen valve to the conical flask, when 
iron has undergone dissolution. This device allows the hydro- 
d to escape but prevents the entry of air so that no oxidation 


*]f preci 
most of the 
gen produce 
can occur. 
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Amount of iron in 25 ml. solution =(V x Sx 0:056)g. 
Or, amount of iron in W gms. of the sample—(V x S x 0:056 x 10)g. 
` Hence the percentage of iron in the sample 


V XS X0:056 x 10 
= y 100 


Experiment 
Determination of calcium in limestone 

Weigh out accurately about 1.2 gm. of the powdered sample 
and take it in a 500 ml. beaker. Add 5 ml. of water and keep 
the beaker covered with cover glass. Now addin portions 10 ml. 
of conc. hydrochloric acid slowly and down the sides of the beaker, 
After the effervescence has ceased, heat on a water bath for a 
few minutes. Wash down the bottom of the cover and the inside 
of the beaker. Dilute to 50 ml. With water. Add 1-2 gms. of 
NH,Cl and heat nearly to boiling. Add 5 drops of methyl orange 
and then 1 : 1 ammonia till faintly alkaline. Boil for 1-3 minutes 


in the flask. Cool the flask to room temperature. Add 5 ml. 
cone. HCl and make up the volume to the mark with distilled 


Pipette out 25 ml. of the above solution in the beaker and 
dilute to 50 ml. Heat to about 90°. Add to this hot solution 
50ml. of a 4% ammonium oxalate solution almost in the boiling 
Condition. Add 6N ammonia dropwise and slowly with constant 
Stirring till the mixture is faintly alkaline. Complete or finish 
this within 5-10 minutes time. Allow to stand for half an hour 
(preferably one hour, if possible) on an asbestos. board over a 
small flame. 

Now follow the procedure as detailed in РР. 237-238 (from the 
8th line from top of page 237). 

Calculations 

1 ml. of V KMn0,=0:020g. of Calcium. 

Let the weight of the sample taken—W gms. 

strength of potassium permanganate—S(N) and 

the volume of permanganate required— V ml. 

Hence, the amount of calcium in Wg.-of the mineral 

=VxSx0-02 x 10g. 
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percentage of cálcium in the mineral 
VxSx0:02x10 
= wW x100 


and percentage in terms of calcium oxide 


56 „Ух$х0:02х 10х 100 
40 5 | 
Experiment 


Determination of copper in: copper wire (or brass, bronze) 

Weigh out accurately about 1:5 gm. (1:5 to 2 gms in case of 
alloy) of copper wire in a 500 ml. beaker. Add 5 ml. water and 
10 ml. conc. nitric acid down the sides of the beaker and Ксер 
the beaker covered with a cover glass. As soon as the reaction 
slackens down, heat on water bath to hasten the reaction and 
finally ensure complete dissolution of the sample. When the reac- 
tion is complete (the sample gets dissolved), wash down the'inner 
side of both cover glass and beaker with about 25 ml. of water. 
Add 1—2 gms. of urea and boil for a few minutes to remove 
nitrous fumes (nitrous acid and oxides of nitrogen). Cool the 
mixture. Transfer the liquid quantitatively into a 250 ml. volu- 
metric flask and make up the volume to the mark. 

Pipette out 25 ml. of the solution into a conical flask 
and dilute to 50 ml. Neutralise with minimum amount of 
1 : 1 NH,OH, boiling off the excess of it. Add2gms of NH,HF,* 
followed by 2 gms. of КТ. Titrate using starch as indicator 
tandard solution of thiosulphate from a burette. 


by running in $ 
5 ml. portions of the 


Repeat the experiment with two other 2 
solution. 


Calculations 1 
Let tlie weight of the sample (alloy or wire) taken — W gms. 

25 ml. of the solution=V ml. of S(N) thiosulphate solution. 
Since 1 ml. of (N) sodium thiosulphate solution 

=0:06357 gm. of copper, 
(Ух5) ml. of (М) thiosulphate solution 

=(0:06357 x V XS) в. of Copper 
of copper in the sample 


06357 Y X SX 100 


= 


.. percentage 


{Шш сазе of brass and bronz> 


conc. На5Ол- x D rc 
*[n case of copper wire 5 ml. glacial acetic acid may be used instead of 


bifluoride* 


better results are obtained by fuming with f 


CHAPTER VI 
GRAVIMETRIC ESTIMATION 
Experiment 2 
| Estimation of Iron as Ferrie oxide ` 


Principle 
When the solution containing ferric.salt is treated with a 
slight excess of ammonium hydroxide solution, ferric hydroxide 
is precipitated: 
FeCl; -3NH,OH —Fe(OH); +3NH,CI 


Ferric hydroxide on ignition yields ferric oxide. 
2Fe(OH);—Fe,0;--3H;0 


From the weight of this ignited residue the amount of the 
element is calculated. 


Procedure 


Transfer the solution пио: а 500 ml. beaker without loss and 
rinse down the bottle that contained the solution several times 
with distilled water into the same beaker. Dilute with distilled 
Water to about 50 ml. Add 10 ml. of 1: 1 hydrochloric acid, 
1-2 ml. conc. HNO, and boil gently the mixture till the colour 
is yellow. Dilute the solution to about 200 ml. with distilled 
water. Add 2 gms. of NH,Cl, heat the solution to boiling, add 
a slight excess of pure 1 : 1 ammonium hydroxide solution Slowly 
and with constant stirring (indicated by the faint. smell of 
ammonia). Heat gently so as to boil for a minute or two and 
allow the precipitate to stand for Some time. When the preci- 
pitate settles down, decant the Supernatant liquid (which Should 
be colourless) without disturbing the precipitate through an 
ashless quantitative filter paper (Whatman No, 41). Add 
about 100 ml. of boiling 1% ammonium nitrate solution to the 
ppt., stir and allow to settle. Decant the Supernatant liquid 
into the filter as before. Repeat this process of washing 3 to 4 
times and then transfer the PPt. on to the filter without loss, 
Dislodge the last traces that may adhere to the side of the 
beaker with the help of ‘Policeman’ and finally transfer by a jet 
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of hot water from a wash bottle down into the filter. Wash the 
ppt. on the filter paper with hot and very dilute (1% soln.) 
ammonium nitrate solution. Continue washing till a few drops 
Of last washings, when poured into AgNO, solution acidified 
with dil. HNO, fail to produce any opalescence. Allow each 
portion of the wash liquid to run through before adding the 
next. While the filtration is in progress, heat a clean porcelain 

{ red heat, cool in a desiccator for half an 


or silica crucible’ at re 
hour and weigh. Repeat the process of heating, cooling and 


weighing till a constant weight is obtained. 

When the filter paper has drained thoroughly, carefully take 
it off, fold the paper around the ppt. and place it in the weighed 
crucible. Heat very gently at first over а small fiame taking 
care that the paper only chars but does not lit up. Burn off the 
carbon with free access of air. Put the lid on covering 
three-fourths of the'crucible so as to exclude the flame gases 
from interior of the crucible and ignite the ppt. at a red heat 
for about 15 minutes: Cool in a desiccator for about 30 
minutes and weigh. Repeat the process of heating, cooling 
and weighing till the weight of the crucible becomes constant. 
Calculation 

Let the weight of the empty crucible= W, gms. and the weigh: 
of (сгисіЫе--Ее:Оз) = Из gms. 

Weight of Ее, О, =(И/,— Ил) gms. 

For every gm. of Ее: Оз, there is 0:6994 gm. of Fe 

amount of Fe in the solution—(W;—9W.) x 0:6994 gms. 


N.B. (i) This method of analysis cannot be adopted in 
presence of other elements; such as aluminium, chromium, etc. 
that are precipitated by ammonium hydroxide. 

(ii) The solution with the ppt. should not be heated for a 
long time, as this may break up the aggregates and cause the 
ppt. to become slimy or even colloidal. 

(iii) Heating of the ppt. should be carried out under good 
oxidising condition, as otherwise partial reduction may occur. 
Besides, heating of the ppt. Fe(OH), at a temperature higher 
than 1,000°C may lead to the formation of tri-ferric tetroxide. 
In either case, the results is affected. 
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(v) In accurate work double precipitation method should 
be followed as this minimises error due to co-precipitation. 

(v) A glass rod with a rubber tubing attached to one end 
of it is known as policeman. Ў 


Experiment 
Estimation of silver as silver chloride 

Principle 

If to a solution of silver salt acidified with dil. HNO,, dil. 
hydrochloric acid be added AgCl is precipitated. 

AgNO;--HCI—AgCI4-HNO,. 

From the weight of the washed and dried AgCl, the amount 

of silver is calculated. 


Procedure 

Transfer the solution into a 400 ml. beaker without loss and 
rinse down the bottle that contained the solution several times 
with distilled water into the same beaker. Dilute to 100 ml. 
and add a little of dil. НМО.. (Мое that the solution should 
contain 0-1 g. of silver per 200 ml. and 1% by volume of nitric 
acid.) Heat the mixture to about 70°C and add dil HCI 
(approximately 0:2N) dropwise with constant stirring till the 
Precipitation is complete, but don’t add a large excess of acid. 
Warm till the ppt. settles down; then allow to stand and when 
it cools down to room temperature add a few drops of dil. HCI 
to the supernatant liquid. Absence of any turbidity at this 
Stage indicates that the precipitation is complete. Cover the 
beaker with a clock glass and allow it to stand in а dark 
place for about half an hour or longer (preferably, one 
night). Now determine the constant weight of the Gooch 
crucible (no. 3) dried at 135°C. Pour down the supernatant 
liquid through the weighed Gooch retaining as much ppt. in 
the beaker as possible. Cover the ppt. in the beaker with 
0-1 (№) nitric acid. Stir, allow to settle and decant the Supernatant 
liquid through the Gooch crucible. Repeat this Process of 
washing by decantation for several times and finally transfer the 
ppt. to the crucible without loss. Wash the Ppt. several times 
with 0-01(№) nitric acid till the wash-liquid gives no opalescence 
with AgNO, solution acidified with dil. HNO. (This indicates 
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that the ppt. is free from chloride.) Dr 

у : y the washed ppt. 
at 100 C and then at 130°—150°С in an air oven. im E È 
desiccator and weigh as AgCl. Repeat the process of heatin, 
cooling and weighing till the weight becomes constant Я 


Calculation 
Let the weight of the empty crucible— 
weight of the crucibleJ-AgCl— W, gms. VEO. НЫ 
weight of AgCl=(W.—W,) gms. 
For every gm. of AgCI there is 0:7526 g. of silver. 
amount of silver=(W:— W1) x0:7526 gms. 
N.B. (i) Silver chloride undergoes considerable decom- 
n in bright light and hence the error due to decomposi- 


positio 
minimised by carrying out the experiment in as subdued 


tion is 
a light as possible. 
(ii) Washing with simple water may render the silver 


chloride colloidal in nature. The wash solution, therefo 
must contain an electrolyte to prevent it and HNO, ds ree 
dm y 


used for this purpose. 


Experiment 
Estimation of sulphate (in a soluble sulphate) as Barium 


sulphate. 
Principle 

If to a hot solution of sulphate made slightly acidic with 
hydrochloric acid, a dil. solution of barium chloride is о 
added with constant stirring, barium sulphate is mie 


precipi tated. 
Bat++SO,’=BaSQ,. 


From the weight of/barium sulphate, the amount of sulphate 
e 


is calculated. 


Procedure 

Transfer the solution without loss into a 400 ml 
beaker and rinse down the bottle that contained the soluti A 
several times with distilled water into the same beaker ml 
ml. conc. HCl and dilute the solution E about 


about 0:5 
Heat the solution to boiling. To this hot soluti 
А lution 


250 ml. 
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add drop by drop a 576 solution of barium chloride (during 
addition stir constantly the solution in the beaker) till the 
precipitation is complete. Allow the ppt. to settle for a minute 
or two. To test complete precipitation, add a drop or two of 
bárium chloride solutioh to the supernatant liquid. If any 
ppt., continue addition of barium chloride solution in the 
manner indicated above and test again for complete precipi- 
tation. (A little excess of the precipitant must be present.) 
Cover the beaker with a clock glass. Keep the solution hot 
for half an hour (preferably one hour) by placing it on ап 
asbestos board over a small flame. Take care that the 
total volume of the solution does not fall below 200 ml. 
Determine the constant weight of the porcelain crucible, while 
the heating of the mixture over a low flame is going on. Stop 
heating; rinse down the under side of the clock glass cover- 
ing the: beaker and remove the clock glass. Decant the 
Supernatant liquid through a quantitative filter paper of 
negligible ash content (Whatman—No. 40 or No. 540). Cover 
the ppt. in the beaker with’ water and filter by decantation. 
Repeat the process several times and transfer the ppt. completely 
onto the filter. Dislodge the ppt. that adheres to the walls 
of the beaker by rubbing with a glass rod and then transfer 
into the filter by a jet of water directed from wash bottle into 
the beaker. Wash the ppt. with small portions of hot water by 
directing the jet as near to the top of the filtcr as possible, 
Allow each portion of wash liquid to be completely drained 
OÍf before adding the next. Repeat the Process till | the 
wash Наша 15 free from chloride. (Test as usual with AgNO, 
solution.). ` 
Take out the filter paper carefully, fold it around the ppt. 
and place it in a porcelain crucible, the constant weight of which 
is previously determined. Cover the crucible loosely with its 
lid and dry the filter paper by heating gently over a very low 
flame. Now increase the size of the flame taking care that the 
paper only chars but does not take fire. When the charring 
is complete, place the crucible in a slightly inclined position 
with cover displaced a little and heat to dull redness. When 
all the carbon is burnt off and the contents become white, 
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heat the crucible at red heat for 15 minutes. Allow the crucible 
to cool somewhat in the air, then cool in a desiccator and 
when it cools down to laboratory temperature, take it out and 
weigh. Repeat the process of heating for ten minutes 


followed by cooling and weighing till the weight becomes 


` constant. 


Calculation t Я 

Let the weight of empty crucible=W, gms. and the weight 
of crucible+BaSO,;= W, gms. 

“. Weight of Вазо,= (Т— W) gms. 

But for every gm. of BaSO,, there is 0:4115 gm. of SO," 

amount of SO;"—(W,—W;)x0'4115 g. 

N.B. (i) To prevent the precipitation of other anions, such 
as carbonate, chromate, phosphate, etc., the precipitation is 
carried out in slightly acid solution. 

(ii) In order to have the ppt. of filterable size, precipitation 
is carried out in hot solution.” Slow addition of BaCl, to 
hot solution with constant stirring minimises also the errors 
due to co-precipitation. 

(iii) Reduction of BaSO; to BaS is avoided first by charring 
the paper without inflaming and then by burning off the 


carbon with free access of air. 


[Re: Procedure in a gravimetric analysis 


In absence of any special direction, follow the procedur 
already described. If dilution (which depends on concentration 
of the solution supplied) of the given solution up to an 
exact volume becomes imperative, transfer without loss the 
solution into a volumetric flask of definite volume (as directed). 
Rinse down several times the bottle that contained the solution 
with distilled water into the flask. Shake carefully. Make the 
volume up to the mark with distilled Water. Put т a stopper 
and shake well to have a uniform solution. Pipette out 25 ml. 
or 50 ml. (or, as directed) portion of the solution and carry out 
the experiment as usual. Perform two experiments (pipetting 
out equal volume each time) side by side (or as directed)]. 
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QUANTITATIVE ORGANIC ANALYSIS 


Experiment 
Estimation of Formaldehyde 


Theory 
Formaldehyde is oxidised quantitatively to formic acid by 
iodine in excess alkali. The oxidation is actually caused by 
hypoiodite ion resulting from the reaction between iodine and 
alkali. Excess alkali neutralises the formic acid thus formed. 
I,4+-2NaOH=Nal+ NaOI+H20 Ba ih) 
HCHO+NaOI=HCOOH-+ Nal ST?) 
HCOOH-- NaOH —HCOONa-- HO 


On adding, HCHO-+Ip+3NaOH=HCOONa+2Nal-+2H,0 
... (iii) 
On completion of oxidation of formaldehyde the reaction 
mixture is acidified, when the hypoiodite left over oxidises the 
iodide present in the mixture [cf. eqns. (i) & (й)] leading to 
liberation of iodine : OI'--I'--2H?—— ——154-H50. 
Todine thus liberated is titrated with a standard thio: 
In+28203"=S406"+21'. 
Knowing the volume of thiosulphate equivalent to the iodine 
consumed by formaldehyde the amount of the latter can be 


calculated. и 
From the equation (iii) given above: 
-mole of iodine ==! gm-mole of formaldehyde 


1 gm 
or, 2 litres of (N) iodine=30 gms. of formaldehyde 
30 
or, 1 ml. of 0*1(N) iodine=1 ml. of 0-1(N) thio= 2. 
| 2000x 10 


—0:0015 g. of formaldehyde. 


Dilution of formalin solution: Measure out 5 ml. formalin into a litre 
flask about half filled with distilled water, mix well and make up the volume 
tothe mark. (The solution is thus 0:2 % approx). 


Preparation ој 0'1(N) iodine Solution : „Iodine is reduced to iodide; 
I,+2e=2I’, Hence the equivalent weight of iodine is the same as its atomic 
weight, which is 126.92. To prepare 1 litre of 0-1(N) solution, therefore, 
requires 12°69 gms. of iodine. 

‘ake in a glass stoppered flask of 1-litre capacity about 20 gms, of iodate 
ee tasti jodide and dissolve in 30-40 ml. of water. Weigh out on a 
rough balance about 12:7 gms. of A. R. quality iodine and pour it into the 
above concentrated solution of potassium iodide with the help of a clean and 
dry small funnel fitted on to the flask. Remove the funnel, put in the glass- 
stopper and shake in the cold till the whole of iodine goes into solution. Leave 
the solution to attain room temperature and then make up the volume to the 
mark with distilled water. Keep it stoppered in a cool and dark place. 
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: Procedure 
Take а 25 ml. portion of a dilute solution (0:27; approx) 
of the aldehyde in a 250 ml. flask. Mix 50 ml. of about N/IO: 
iodine with it. Add gradually and dropwise avoiding excess a 
5% solution of NaOH till the liquid turns light brown, 
fading to a very pale yellow colour, which persists even when 
allowed to stand for quarter of an hour. Leave the solution to 
stand for about 10-15 minutes. Now acidify the solution by 
adding 15 ml. of 5% HCl. Titrate the liberated iodine with a 
standard solution of thiosulphate using starch as indicator. 


Titrate again with the standard solution of thiosulphate a 
25 ml. portion of the iodine solution taken in a 250 ml. flask 
and diluted to about 100 ml. using starch as indicator. Deduce 


the net volume of thiosulphate equivalent to the iodine con- 
sumed by formaldehyde. 


Calculations 


Let the strength of thiosulphate solution = S (М/10) and 
the volume of thiosulphate required to titrate 25 ml. of 0:1(№) 
iodine solution —v;ml, 


Volume of thiosulphate required to titrate 50 ml. of 0-1(N) 
‘iodine solution =2y, ml. 


Again suppose the volume of thiosulphate required to titrate the 
liberated iodine (i.e. excess iodine in a mixture of 25 ml. of the 
aldehyde--50 ml. of N/10 iodine)—v; ml. 

*. Volume of thiosulphate equivalent to the iodine consumed 
by 25 ml. of the dilute solution of aldehyde — (2v4—v5) ml. 


Or, amount of formaldehyde in 25 ml, of diluted i 
Ё lut 
—(2v1— v3) x 0.0015 x Sg. es 


amount of formaldehyde in gms/litre 
и (2vi—v3) x 0.0015 5 


M — Xx 1000 g. 


= v1—v3) x0:06x S g. 
N.B.—1. Excess alkali should always be avoided. 


2. To determine the total amount of formald : 
loss the supplied solution (see page 246) to a 250 Bi cuir cibo 
make up the volume with water. Carry out your expt. by measuring out 2 
25 ml. or any suitable volume (as directed) of the diluted solution, Calculate 
аз usual the amount present in this volume and multiply it by 250/x (where 
x=volume in ml. of the dilute solution taken for experiment) to get the total 
amount contained in the supplied sample. 
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.Experiment 
Determination of Aniline by bromination 


‘Theory 

Aniline on treatment with an excess of bromate-bromide 
solution in presence of hydrochloric acid undergoes quantitative 
bromination by the bromine liberated from the reaction between 
bromate and bromide in the acid medium, when a precipitate 
of 2, 4, 6-tribromoaniline is obtained. Hence, the use of the 
reaction in the estimation of aniline. 

KBrO;-- 5SKBr-- 6HCI=3Br2+6KCI+3H20 


NH2 NH2 
Br Br 
ЗВ + 3HBr 
К у Вг 
aniline 24,6 -tribromoaniline 


The excess bromine is determined by adding KI in excess 
and titrating the liberated iodine with a standard thiosulphate 
solution using starch as an indicator. 

Br2+-2KI=Ip+2KBr 
Ip+2Na2S.03=Na2S40¢+2Nal 


We can, therefore, write from the above equations : 
1Cs5Hs;NH2=3Br2=312=6Na2S,0; 


Hence, Iml. of N/10 Na58203—0'001552g. (Molecular weight 
of aniline being 93:12). 
Reagents required 

(i) Potassium bromate-bromide solution of 0:13 order. 
Gi) sodium thiosulphate solution of 0.13 order, (iii) 20% 
potassium iodide solution and (iv) starch solution. 1 


The experiment involves: 
Preparation of bromate-bromide solution of 0.1М№ order. 


Weigh out accurately about 0:6-0:8 i 

g. of A. В. quality KBrO 
and about 105. of A. В. quality KBr in a 250 ml. valine 
flask. Dissolve it in water and make up the volume to the mark 


Suppose the weight of bromate taken=W g, 
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Hence, the strength of the solution — W/0.6959 ме 


[Equivalent wt. of KBrO; as ап oxidising agent being 1/6 Mol. 
wt.] 


Preparation of thiosulphate solution of 0.1№ order. 


This has already been discribed on page 241. 
Preparation of 20% KI solution 


Dissolve 100 gms. of A.R. KI in water in a bottle and dilute 
to 500 ml. 


Preparation of starch solution 


The method of preparation will be described in the appendix. 
Procedure for determining the total amount 


Transfer the supplied solution of aniline without loss into a. 
250 ml. volumetric flask and make up the volume to the mark 
with distilled water, Pipette out a 25 ml. portion of this diluted 
solution into a 500 ml. iodine flask (glass stopper bottle)*. Add. 
50 ml. KBrO;—KBr Solution followed by 5 ml. conc. НС! and 
Stopper the flask immediately. Shake the flask for a minute to 
mix the reactants thoroughly. Allow the flask to stand at room: 
temperature for about 15 minutes giving it a swirling motion 
from time to time. Add 10 ml. of 20% KI solution. Stopper 
the flask, shake for a minute and again allow to stand for about 
ten minutes at room temperature. Take off the stopper, wash 
it and the neck of the flask with little distilled water taking care 


flask. Titrate the liberated 


int as possible. Carry out 
y in the same way with two 
d solution of aniline. Take 
the mean of the readings. 

Standardise the thiosulphate solution with the bromate- 
bromide solution using 25 ml. of the latter for each titration, 


Results 


The mean volume of thiosulphate re 


quired for 25 ml. of 
bromate-bromide solution in the standardi. 


sation =v, ml. 


*[n absence of it use conical flask and watch glass. 
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the volume of thiosulphate required for 50ml. of bromate- 
bromide solution in the standardisation=2v, ml. 


The mean volume of thiosulphate solution required for 50 ml. 
of bromate-bromide solution in the determination— ур ml. 


Calculation 
Let the strength of thiosulphate solution=S (N/10). 
Volume of thiosulphate equivalent to bromine consumed 
by aniline— (2v —v2) ml. 
amount of aniline in 25 ml. diluted solution. 
—(Qv,—vz) SX 0001552) g 
Hence, the total amount of aniline supplied 
= (ду! — уз) 57 0'001552 x 10} g. 


Procedure for determining the percentage purity 

Weigh out accurately about 1-Ogm of aniline into a volumetric 
flask of one litre capacity. Dissolve it in the minimum volume 
of dil HCl and make up the volume to the mark with 
distilled water. 

Pipette out a 25 ml. portion of this prepared solution and carry 
out the experiment under exactly the same terms and conditions 
as stated before, Repeat the experiment at least twice and take 
the mean of the readings for your calculation. Standardise the 
thiosulphate solution as before taking 25 ml. of bromate-bromide 


solution. 


Results 
The mean volume of thiosuplhate solution required for 25 ml. 
of bromate-bromide solution in the standardisation— v; ml. 


volume of thiosulphate required for 50 ml. of bromate- 
bromide solution in the standardisation—2v; ml. 
The mean volume of thiosulphate solution required for 50ml. 
of bromate-bromide solution in the determination = у; ml. 


Amount of aniline weighed out=w g. 


Calculation 
Let the strength of thiosulphate solution—S (N/10). 
Volume of thiosulphate equivalent to bromine consumed by 
aniline= (2v;—v»)ml. 
amount of aniline in 25 ml. of the prepared solution 
= {(2vy—Vo)X$ X0-001552} в. 
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or amount of aniline in one litre of the prepared solution 
= (Qvi—v2) XS x 0001552 x 4x 10} g. 
the percentage purity of aniline 


(2v1—v2) x 5 x 0.001552 x4 10 
У 


— Qv—v3)x62 
EXER ле 


х 100 


N.B. The method works well at a low concentration (about 
0.1%) of aniline. 


Experiment 


Determination of glucose with Fehling's solution 


"Theory 


Glucose reduces (cupric ions of) Fehling's solution to red 
cuprous oxide. Knowing the concentration of glucose solution 


the weight of glucose equivalent to 1 ml. of Fehling's solution 
can be calculated, 


Hence, we can determine an unknown glucose solution Буа 
glucose Solution of known concentration by titrating against 
à common Fehling's solution (1.е., comparison solution). 

The experiment therefore involves: 
(i) Preparation of a Standard solution of glucose, 


(ii) Titration of a Fehling’s solution with the standard glucose 


solution, i.e., standardisation of the Fehling's solution 
supplied. 


(iii) Titration of the Fehling’s thus standardised with the 
given glucose solution of unknown concentration, 


Procedure 


(i) Preparation of a standard glucose solution : Take in a 
250 ml. volumetric flask about 1:25 2. of A. R. quality glucose by 
weighing accurately in a chemical balance and make up the volume 
to the mark. 

(ii) Standardisation of the Fehling's solution 


Take in a 250 ml. conical flask 20 or 50 ml. of Fehling's 
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:solution* as follows: Transfer a 10 or 25 ml. portion of solution 
А to the conical flask and mix with it an exactly equal volume 
-of solution B. 


Now heat.the solution to gentle ebullition on an asbestos 
centred wire-gauze; add 2 drops of methylene blue! indicator and 
without removing the flame run in from a burette the standard 
glucose solution till the blue colour of the solution vanishes 
.and suddenly a bright red ppt. settles down at a time. This 
indicates an approximate titre value and will act as a guide for 
subsequent titrations. To have a fairly accurate value repeat 
.the.titration by adding methylene blue indicator near the end- 
point of the reduction. Run in, all at a time, almost an equal 
\volume of glucose solution consumed in the previous rough 
"titration to a fresh solution of Fehling taken in the flask as only 
0:5—1 ml. of the glucose solution will be necessary to finish the 
titration. Keep the solution gently boiling all the time during the 
‚process. Don't remove the flame, add 2-3 drops of indicator to 
ithe boiling solution. Now quickly finish (i.e., within one minute 
(тоге) the -titration by dropwise addition of glucose solution 
:taking care that the boiling does not come to a stop. Repeat the 
titrations to obtain a conformable value, values which must not 
.differ by more than 0.1 ml. 


Take the mean value and calculate the weight of glucose 
:equivalent to 1 ml. of Fehling's solution. 


(iii) Titration of standardised Fehling’s with the glucose solution 
of unknown concentration: 


Wash the burette thoroughly with distilled water and then 
rinse it at least twice with the glucose solution of unknown con- 
centration. Fill the burette with the glucose solution. Take 
20 ог 50 ml. portion of the Fehling’s solution in a conical flask 
and titrate exactly in the same way as before by running in the 
.unknown glucose solution taken in the burette. 


*Preparation of Fehling's solution : Prepare as follow ine’ 
solution required for the purpose. $ the Fehling’s 


Solution A. Dissolve 34:64 g. of А.В. quality of crystallised 
sulphate CuSO,.5H;O in water and make up the volume КОР to 500 mi. 
лп a bottle. Е 

: Solutioa В. Dissolve 50 g. of pure caustic soda in wat 
го Rochelle salt in warm water. Mix the two solutions—the Mad RE 
tartrate. Cool and make up the volume roughly to 500 ml. ina bottle. Keep 
tthe solutions А & B well stoppered. 

1 Dissolve 0-5. in 100 ml. distilled water. 
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Repeat the titrations, tabulate the results as usual and take- 
the mean value for your calculations. 


Resuits 
Table 1 
Weight of glucose 
First weight Second weight Difference И DER 
weight of glucose taken. 
Wi gms. W2 gms. 


(Wi—W2) gms. i.c., say w gms. 


Table 2 


Standardisation of Fehling's solution 


Total volume | Burette reading | Vol. of glucose | Mean vol. 
No. of |(A +B) of in ml. solution con- | of glucose 
observa- | Fehling's 501- — —.—— — —| sumed in ml. | solution 
tions tion in ml. Initial | Final =Final—initial | consumed 
{> РЕШИ 
1 pc 
2 х аин Say y ml. 
3 X x КОЙУ Т 
Table 3 
Standardised Fehling's soln. vs. Unknown glucose 
Total volume | Burette reading | Vol. of glucose | Mean vol. 
No. of (А +В) of in ml. solution con- of glucose 
observa- | Fehling's solu-|.—————,— sumed in ml, solution 
tions tion in ml. Initial | Final =Final—initial | consumed 
1 x’ га 
2 x^ | | Но хи Say z ті. 
3 х' | | 
Calculations 


The weight of glucose present in 250 ml. =) gms. 
x ml. of Fehling’s=y ml. of known glucose solution. 
x’ ml. of Febling’s=z ml. of unknown glucose solution. 
1 ml. of Fehling’s=y/x ml. of known glucose solution. 


at 57 х >. gms. of glucose, 
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УХухх' 
250 хх 
amount of glucose in gms/litre in the supplied (unknown) 

wXyxx' wxyxx'x4 


solution = 350xxxz 1000 — XE 


or x' ml. of Fehling's = gms. of glucose. 


When x—x' ie, when identical volumes of Fehling's are 
taken for both sets of titrations, the above expression becomes 
wx v[zx4. 

М.В. 1. Standardisation and titration (with unknown 
glucose) should be carried out under identical conditions as far 
as practicable. 

2. To give a little swirling motion to the flask may prove 
helpful for sharp indication of the end point, which otherwise 
might escape unnoticed due to the side-colour. 

3. The indicator solution should preferably be a freshly 
prepared one. 

4. To determine the total amount of glucose transfer the 
supplied solution without loss (see page 246) to a 250 ml. volu- 
metric flask and make up the volume with water. Titrate as 
usual the standardised Fehling with this glucose solution taken 
in a burette. 


г wXyxx' 
Total amount in the sample supplied — ARES OU gms. 
L WLI XE ы 
XXZ 


=(wX р/а) gms., when х=х”. 
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1. Iodoform, CHI, from ethyl alcohol. 
5 gms. (6:5 ml.) ethyl alcohol 
15 gms. sodium carbonate in 50 ml. wai.r. 
10 gms. powdered iodine. 


Take the sodium carbonate solution in a 100 ml. beaker and 
add ethyl alcohol to it. Now add the powdered iodine in small 
quantities at a time with constant stirring so as to dissolve it. in 
the above mixture. Warm the mixture to 60-80°С. [Тһе mixture 
turns pale yellow and yellow crystals of iodoform separate out 
on cooling.] Allow it to cool and filter at the suction. Wash well 
using small quantities of distilled water at a time. Recrystallise, 
if necessary, from rectified spirit, dry and determine the m.p. 
И melts at 119° and sublimes. The yield of crude product is 
about 0:8 gm. 

4I-6NaOH--- CGH;OH —CHI5-HCOONa -- 5Nal --5H50 


Iodoform, CHI; from aceton > 


1 ml. acetone 
7 gms. powdered iodine 
3 gms. caustic soda in 250 ml. water. 


Mix acetone with the caustic soda solution in a 600 ml. 
beaker and now add iodine to it in small quantities at a time 
with constant stirring till the whole of iodine dissolves in the 
mixture. Allow it to stand for fifteen minutes, filter, wash 
and recrystallise as before, if necessary. Dry and determine the 
m.p. The yield of the crude product is about 1.7 gm. 


NH3 
2. Sulphanilic acid (Мн C6H4 S03) 


$03 


12.5 gms. aniline 
40 gms. conc. sulphuric acid. 


Mix aniline and conc. sulphuric acid cautiously in 100 ml. 
round flask. Heat the contents of the flask in an oil bath ог 
metal bath to 180°-190° till no aniline separates out on addition 
of exeess of NaOH to a little of the sample dissolved in water. 
"This requires heating for four to five hours. Pour the contents 
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of the flask into cold water, when sulphanilic acid is precipitated! 
out as a grey crystalline mass. Filter, wash with a little cold! 
water and recrystallise from hot water with the addition of a. 
little animal charcoal. Dry in air. Yield 13—15 gms. The. 
substance decomposes on heating before melting.. 
CcHsNH»4- H5804—NH3*C6H4S0,-4- Н›0. з 
3. Acetanilide C;cHSNHCOCH; 
Method 1: 4 ml. aniline 
6:5 ml. acetic anhydride 

Heat 80 ml. water just to boil in a 250 ml.. conical flask.. 
Remove the source of heat and add 4 ml. aniline with shaking. 
Place the flask on a boiling water bath. Pour into the clean and 
uniform solution 6*5 ml. of acetic anhydride in three or four almost: 
equal instalments (or add, if possible slowly and dropwise with. 
the help of a dropper) with shaking, completing the operation: 
in half an hour. When the addition is over continue heating 
in the same way for an additional half an hour with occasional 
Shaking. Now allow the contents of the flask to cool down 
to room temperature with shaking and scratching from time to 
time. Filter at the pump, wash with minimum volume of cold. 
water, drain well and dry. 

White shining plate like crystals, m.p.* 114°C; yield about 
4 gms. 

Method П : 10 ml. aniline 
9:2 ml. conc. HCI. 
12:8 ml. redistilled acetic anhydride 
16:5 gm. sodium acetate in 50 ml. of water. 

Take 250 ml. water in a 500 ml. beaker, add conc. hydro- 
chloric acid, pour in aniline and stir till a homogeneous mixture 
is obtained. Now add acetic anhydride to the above mixture. 
Stir till it passes completely into solution and immediately 
add sodium acetate solution. Stir vigorously and cool in ice. 
Filter at the suction, wash the acetanilide with a little water and 
allow it to drain. Dry in air on filter paper. The substance 
melts at 113°. Yield is about 12g. 

It may be recrystallised from 250 ml. of boiling water contain- 
ing 5 ml. of methylated spirit. Melting point of recrystallised 
product is 114°. 


*Recrystallise, if necessary from about 100 ml. of boiling water contain- 
ing 2 ml. methylated spirit. 
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4. p-Bromoacetanilide, BrCgsHyNHCOCH3 


5 gms. acetanilide 
2 ml. bromine 
25 ml. glacial acetic acid. 


Dissolve bromine in about twice its volume of glacial acetic 
acid. Take a 500 ml. conical flask and dissolve acetanilide in 
acetic acid in this flask. Now add gradually the solution of bro- 
mine to acetanilide solution. When the whole of bromine has 
been added, allow the mixture to stand for 15 minutes and pour 
the contents of the flask into a beaker containing 200 ml. water. 
(Rinse out the flask well with water.) A crystalline ppt. will be 
obtained. Filter at the pump and wash with water the residue 
on the filter three or four times. Press it down and allow it to 
drain. Crystallise the substance from spirit by dissolving it in 
60 ml. spirit taken in a beaker. Filter, wash again with a little 
dilute spirit, dry on filter paper or preferably on porous 
earthenware and determine the melting point. The substance 
melts at 165-66°. Yield is about 6-7 gms. 


CgH5SNHCOCH;-- Br; =BrCsH,NHCOCH;-+ HBr. 
5. Tribromophenol 

3 gms. phenol 

Bromine water or a solution of 

bromine in glacial acetic acid. 


Phenol readily reacts with bromine to give an immediate 
white precipitate of 2, 4, 6-triobromophenol. 


OH OH 
Br -Br 
dL jin — ова + SHBr 
Br 


phenol 2,4,6-tribromophenol 


Dissolve 3 gms. of phenol in about 40 ml. of water in a 100 
ml. conical flask. Add a strong aqueous bromine dropwise with 
constant stirring till a pale yellow colour persists. Warm the 
mixture on a water bath for a few minutes. Cool and then pour 
into 100 ml. water taken in a beaker. Filter at the pump and 
wash the residue, the desired bromo compound on the filter with 
a little of cold water. Dry and determine the melting point. 

А. С—18 
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The yield is theoretical and the m.p. is 95°С. 


6. p-Nitracetanilide NOJC;SH4NHCOCH;. 
12 gms. acetanilide 
12 ml. glacial acetic acid 
25 ml. conc. sulphuric acid 
5 ml. fuming nitric acid. 


Mix in a 250 ml. beaker acetanilide, acetic acid and sulphuric 
acid by stirring. Cool in a freezing mixture. Now add HNO, 
slowly and gradually at such a rate that the temperature does not 
rise above 20°. When the whole of nitric acid has been added, 
stir the mixture for an hour and pour on to ice. Dilute with 
water, let stand for some time. Filter, wash and dry on porous 
plate. Recrystallise from dilute alcohol, if necessary. M.p. of 
the substance is 207°. Yield is about 80% of the theoretical, 


CsHsNHCOCH;+HNO;=NO,CsH;NHCOCH;+H,0. 


7. p-Nitraniline, NO;C;H4NH; 

Either boil the above nitracetanilide with about 24 times its 
weight of conc. НСІ or heat it on water-bath with twice its 
weight of sulphuric acid, which is a mixture of equal volumes 
of sulphuric acid and water, until the liquid remains clear on 
dilution with water. Now dilute the liquid with water and 
precipitate the nitraniline by adding an excess of ammonia or 
caustic soda solution. Cool, filter the yellow crystalline ppt., 
wash and recrystallise from boiling water. Dry and determine 
the melting point. It melts at 147^. Yield is about 12 gms. 

NO;C;H4NHCOCH;-- H50-- HCI 
—NO:;C;H4NH;HCI--CH;COOH 
hydrochloride 


8. Acetylsalicylic acid (Aspirin) 


o-Hydroxybenzoic (salicylic) acid undergoes ready acety- 
lation with acetic anhydride in presence of a little conc. sulphuric 
acid acting as a catalyst. 


ЁН H2504 ососнз 
соон. + (C60); 0—— 5 die Hscoou 


CO 
salicylic acid aspirin 
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Ргоседиге 


Take in a small conical flask 10 2. of dry salicylic acid, 14 ml. 
of acetic anhydride, 5 drops of conc. sulphuric acid and give 
the flask a whirling motion to have a thorough mixing. Warm 
on a water bath at 50-60? for about 1/4th. of an hour and stir 
with the thermometer during the process. Now allow the 
mixture to cool with occasional stirring. Dilute with 150 ml. 
of water, stir well and finally filter at the pump. Purify the crude 
by recrystallisation from a mixture of equal volumes of water 
and acetic acid. 


Alternative method of purification: 

Dissolve the crude in about 30 ml. of hot alcohol 
and pour the resulting solution into about 75 ml. of warm water. 
If any solid separates here, warm to secure complete solu- 
tion. Now allow the clear solution to cool slowly, when lovely 
needle-shaped crystals separate out. 

The yield is 13 gms. It has по sharp melting point, decom- 
position ranges in between 128° and 135°. 


9, Phthatimide 


со. 
CH, 4. 


10 gms. phthalic anydride 
10:5 ml. conc. ammonia solution of sp. gr. 0:88. 


Mix in a 100 ml. round flask fitted with air condenser phthalic 
anhydride and concentrated ammonia solution. The air con- 
denser must be a wide one, the diameter of which should not 
be less than 10 mm. Heat first by placing over a wire gauze 
and then over a free flame till a homogeneous melt.is obtained. 
Give the flask occasional shaking and push down the sublimate 
if any, from inside the condenser with the help of a glass id 
into the flask. Pour the contents whilst still hot into a prorcelain 
basin. Let it cool and reduce the product into fine powder by 
grinding in a mortar. The substance melts at 233 —234*. 
Yield is about 9-5 gms. Recrystallise from alcohol, if necessary. 
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Alt. Method ^ | 
20 gms. phthalic anhydride 
4 gms. urea 


Mix urea and pure phthalic anhydride thoroughly and take 
the mixture in a round bottomed 500 ml. long necked 
flask (or in a conical flask with a cotton stoppered short funnel 
at its mouth). Heat at 130—135? in an oil bath (in its absence 
sand bath or on an asbestos centred wire-gauze). The contents 
first melt, then effervescence occurs and after 10—20 minutes the 
mixture foams up to three times its original volume and turns 
almost solid. Remove the flame and let it cool. Disintegrate 
the solid in the flask with about 15-16 ml. of water. Filter at 
the pump, wash with a little water and dry at 100*C. The 
substance melts at 233°. The yield is about 17 g. Recrystallise 
from methylated spirit, if necessary. 


Third method and probably the best method. 


5 g. phthalic anhydride 
2-1 в. Urea 
10 ml. glacial acetic acid. 


Place the three substances in amounts noted against each 
together with a few boiling chips in a 100 ml. round bottomed 
flask fitted with an air condenser. Heat the mixture under 
reflux for ninety minutes. Adjust heating by controlling the 
flame in such a manner as the ring of the condensate rises only 
a few centimetres in the condenser. Solid may crystallise out 
during the course of heating. Let the contents of the flask 
cool down to room temperature. Filter by delivering the con- 
tents by gentle tapping of the flask and 


possible. Deliver the solid back to the flask a 
10 ml. of water. 


Suck as dry as 


nd stir well with 
Filter again and dry on a steam bath to constant 
weight. Determine the yield and note the melting point. 


70. Naphthol organge 


N:N*C6H4:SO3 Ма 


Qu Е 


(sodiuz. salt of sulphanilic-azo-£-naphthol) 
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3.5 gms. sulphanilic acid 

3 gms. f-naphthol 

4 ml. conc. hydrochloric acid diluted with 50 ml. water 
1.5 gms. of sodium nitrite powder 


25 gms. ice. 
1.2 gms. caustic soda. 


Mix in a beaker sulphanilic acid, hydrochloric acid and ice. 
When the temperature comes down to 0^ add gradually the 
nitrite powder. Make in the meantime a solution of f-naph- 
thol in alkali by dissolving 3 gms. of £-naphthol in 1:2 gms. of 
NaOH present in 20 ml. of water. Cool the solution. of 
B-naphthol by immersing the container in a bath of freezing 
mixture. When the temperature reaches 0°, add the diazotised 
solution a little at a time to this alkaline solution with constant 
stirring. Whilst keeping’ the mixture still in ice stir it for two 
hours. Filter the dark-red crystalline mass. Press on a porous 
earthenware and dry. The yield is about 7 gms. 


os M мнз +HCI+NaNO2 = Уонна 
OH , 
TN. SO3+NaOH 


N:N:CeH4-SO3Na 


Sm + њо 


мо 


11. Nitrobenzene (7^ 
N | (CeHsNO2) 


10 gms. benzene 
12 ml. conc. HNO; 
12 ml. conc. H,SO4 


N 


Add slowly from а tap funnel a well-cooled mixturegof the 
above two acids to benzene taken in a 100 ml. flask. Shake 
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the flask well after each addition. Note that the temperature 
must be kept below 50^ by immersing the flask in cold water, 
if necessary. Nitrobenzene and acid divide into two layers; 
nitrobenzene floats as a brown oily layer on the acid mixture. 
"When the addition is over, heat the mixture on water-bath for 
20 minutes. Shake well the contents of the flask again. Cool 
and pour the contents of the flask into separating funnel and 
withdraw the lower acid layer. Wash the nitrobenzene free 
from acid by shaking first with water, then with a dilute 
solution of sodium carbonate and finally with water again— 
nitrobenzene being heavier sinks down and is removed each 
time from the bottom. Dehydrate the oil (nitrobenzene) by 
allowing it to stand over fused calcium chloride with occasional 
shaking. Decant the yellow liquid or filter from calcium 
chloride and distil with the help of a condenser tube» only 
(without water circulation). At first a little benzene, if present, 
passes over. Collect the fraction coming between 204—207°. 
Neither distil to dryness nor allow the temperature to rise 
above 214°, as explosion may occur due to presence of higher 
nitro compounds, the formation of which is favoured if the 


temperature during nitration exceeds 50°. Yield is about 
12 gms. 


C&Hg-- HONO;—C&H5NO;-- 50. 


Sulphuric acid serves the purpose of a dehydrating agent 


removing the water formed in the reaction and preventing 
thereby dilution of HNO}. 


NO2 
12. m-Dinitrobenzene 


№02 
102 (ess) 


20 ml. conc. HSO, 
24 ml. fuming nitric acid 
25 ml. nitrobenzene 


Mix the two acids in a 500 ml. flask and add the nitro- 
benzene in portions of about 5 ml. at a time. Evolution of 
heat takes place and the colour of the mass deepens. When 
the whole of nitrobenzene has been added, heat the flask on 
water-bath for a short time. Test by pouring a few drops of 
the liquid from the flask into a test-tube containing water for 
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completion of the reaction. Separation of а hard pale 
yellow cake of dinitrobenzene indicates the completion of the 
reaction. If, on the other hand, a semi-solid mass separates 
out, continue heating. Pour, while warm, the contents of the 
flask into a large quantity of water. Filter at the pump, wash the 
residue with water, recrystallise from spirit, dry and determine 
the melting point. Yield is about theoretical. Melting point 
of the substance is 90°. The reaction that takes place in this 
process is represented by the following equation: 


CeH3NO?-- HNO;— CgH4(NO3);-I- H20. 


13. Anisole (Methyl phenate, Phenyl methyl ether) 
CgH5-O-CH; 
18.8 gms. phenol 
24 ml. dimethyl sulphate 
10 gms. caustic soda dissolved in 70 ml. water. 


In a 250 ml. round flask dissolve phenol in caustic soda 
soultion. Add to it dimethyl sulphate in portions of 5 ml. 
at a time with vigorous shaking. Temperature rises and as 
it comes down within a few minutes, add again dimethyl sulphate 
as before taking care that the tempeature does not exceed 60°. 
When all the dimethyl sulphate has thus been added and the 
temperature begins to fall, heat the flask on water-bath for 10 
minutes. Separate the upper oily layer of anisole, wash it by 
shaking with a little water, dry over calcium chloride and distil. 
It boils at 150-152". Yield is 17 gms. 


CsHsONa-+ (CH3)280,=CsHsOCH3+CH3NaSO, 


As the equation indicates, the aqueous portion from the 
above operation contains sodium methyl sulphate and it can 
be utilised for the preparation of further quantity of anisole. 
To the aqueous portion add the same quantity of phenol as in 
the previous operation and 10 gms. of caustic soda. Boil under 
reflux for five hours. The reaction that takes place is represented 
by the following equation. 


CsHsONa-+ CH3NaSO,— CgH5OCH;--Na;S0; 


SAMPLE QUESTIONS FOR VIVA VOCE 


1. Inorganic Qualitative Analysis 


(A) Preliminary and some Special Tests 


Q. 1. Name a compound, which is red in colour. 
Ans. Mercuric iodide (HglI;) 


Q. 2. Name a compound, which is brown in colour. 
Ans. Ferric oxide (Ее;03) 


О. 3. Name a compound, which is yellow in colour. 
Ans. Cadmium Sulphide (CdS) 


Q. 4. Name a compound which is black in colour. 
Ans. Lead sulphide (PbS). 


О. 5. Name a green compound. 
Ans. Chromic oxide, Cr203. 


Q. 6. Name an orange red compound. 

Ans. Antimony sulphide, 5653. 

Q. 7. Give the formula of each of the following substances: 

(i) Silver chromate, (ii) ferric phosphate, (iii) calcium 
phosphate, (iv) silver arsenate, (v) copper (ic) arsenite, (vi) 
potassium arsenite, (vii) arsenic acid, (viii) phosphoric acid, 
(ix) mercurous iodide, (x) metaboric acid. 

Ans. (i) Ag;CrOs, (ii) FePO4, (iii) Ca3(PO4)2 (№) АвзАзО.. 
(у) Cu3(AsO3)2 (vi) K3AsO3, (vii) H3AsO4. (viii) Н;РО,, 
(ix) Нељђ, (х) НВО». 

Q. 8. (a) State the colour exhibited by each of the following : 
(i) Dichromate. (ii) Chromate, (ii) Hydrated cupric salts, 
(iv) Co304, (у) CoS, (vi) Cr(OH)3, (vit) Hg;Cb, (viii) Аѕз53, 
(ix) Ferric hydroxide, (x) SrCO3,° (xi) Mg(NH4)PO,, (xii) 
Pb(NO3)2- 

Ans. (i) Orange red, (ii) yellow, (iii) blue, (iv) black, (vy black, 
(vi) dirty green, (vii) white, (viii) yellow, (ix) brown, (x) white, 
(xi) white, (xii) colourless. 

Q. 8. (b) Name the burner that you generally use in the 


taboratory 7 
Ans. Bunsen burner. 
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Q. 9. Why on heating in a test tube 
(i) blue copper sulphate becomes white? 
(ii) colours Pb(NO3) changes into a yellow substance? 
(iii) red cuprous oxide changes to a black mass? 
(iv) red mercuric oxide forms a shining mirror? 


Ans. (i) Loss of water of crystallisation occurs, (ii) Lead 
nitrate decomposes into oxide of the metal. (iii) Cuprous 
oxide undergoes oxidation to cupric oxide. (iv) Mercuric oxide: 
decomposes into metallic mercury, which is deposited on the 
cooler walls of the test tube. 

Q. 10. What should you expect to observe when each of 
the following substances is heated in a test tube on being mixed 
with sodium carbonate: 

(i) ammonium compounds, (ii) arsenic compounds? 

Ans. (i) Pungent smell of ammonia, (її) Garlic odour and 
formation of a shining black mirror in the cooler part of 
test tube. 

Q. 11. Describe a preliminary test by which you can differ- 
entiate among the following 

(i) Ammonium compounds, (ii) Mercury compounds and: 
(iii) Arsenic compounds. 

Ans. Heating of a mixture of the substance with four times its 
volume of anhydrous sodium carbonate. [See Page 8, expt. 1(а)] 

Q. 12. How will you differentiate between the sublimates: 

(i) Obtained by heating а mixture of mercury compound and 
sodium carbonate, (ii) Obtained by heating a mixture of arsenic- 
compound and sodium carbonate? 


(Both expts. are carried out in a test tube) 


Ans. (i) Sublimate coalesces into globules of mercury on 
being rubbed with а moistened glass rod, (ii) Sublimate does not 


give any globlue on rubbing with a glass rod. 


О. 13. Маше the compounds that may form metallic bead on. 
heating in oxidising flame on charcoal block. 

Ans. Compounds of silver, lead, bismuth and antiomny. 

Q. 14. Describe à simple device of differentiating metallic 
bead of lead from those of silver, bismuth and antimony. 


Ans. Lead bead marks paper while others fail to do so. 
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О. 15. Is it necessary to carry out ‘Cobalt nitrate test’ as 
a method of routine analysis? 


Ans. No. 


Q. 16. How and when the cobalt nitrate test is carried out? 


Ans. See Page 12, expt. 2(a) and the connected note (i.e. 
N.B.) given above it. 


Q. 17. Should you use an excess of cobalt nitrate in the expt. 
named cobait nitrate test ?... If so, why so, if not, why not? 


Ans. See the note described at the bottom of page 12. 

Q. 18. Describe with a specific example the reactions that 
occur in cobalt nitrate test. 

Ans. Cobalt nitrate undergoes decomposition by heat into 


CoO and this reacts with certain oxides with subsequent develop- 
ment of characteristic colour. 


2Co(NO3),—->2C00+-2N70,-+ 05 
CoO+Al,0;——+CoAl,0, (blue) 


With excess of Co(NO); the oxide CoO is formed in excess, 
The excess of the oxide CoO, under the experimental condition 
gets converted into cobaltic oxide Co3O,, which is black 
in colour. Hence this black colour will mask the distinctive 
colour, if excess of the reagent be used. 


Q. 19. Name the colour obtained with the following subs- 


tances in cobalt nitrate test: (i) Aluminium compounds, (ii) Zinc 
compounds. 


State the formulae of the coloured substanci 
necessary equations for the reactions that lead to 
of the coloured substances. 


es giving the 
the formation 
Ans. (i) Blue known as Thenard's blue, 
(ii) Green known as Rinmann's green, 
Тћепага 5 blue——CoALO, 
Rinmann's green ——CoZnO; 
Equations of the reactions: 
CoO--Al;03—— CoALO, 
CoO--ZnO—— CoZnO; 


[The oxides of metal are first formed by decomposition of 
compounds of the metals on heating: e.g.; ZnCO;—ZnO--CO;] 
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О. 20. What colour should you expect to observe with 
magnesium compound in cobalt nitrate test? Give probable 
composition of the coloured mass. 

Ans. Pink colour; probable composition of the coloured 
substance is MgO, CoO. 


Q. 21. Give the formula of borax. 

Ans. Na B,0710H20. 

О. 22. What happens when borax is heated ? 

Ans. Borax swells up, loses its water of crystallisation and 
finally forms а transparent glass-like bead, which is a mixture of 
sodium metaborate and boric anhydride. 

Na5B40;10H;0 =Na>B,07+ 10H50 
Na ByO,;=2NaBO2+ B203 

О. 23.(а) What causes bead to be coloured in borax bead test? 

Ans. Coloured beads are generally due to the characteristic 
-colours of metaborates. 

Q. 23.(b) What is the formula of copper metaborate? 
Explain how it is formed in borax bead test. 

Ans. Cu(BO2)2- 

When the bead is heated with a copper salt, the salt is con- 
verted into oxide of the metal, which reacts with boric anhydride 
(see ans. to Q. 22) forming copper metaborate. 

CuS04=Cu0+S03, CuO-- B;05 — Cu(BO7)» 

Q. 24. What should you expect to Observe in borax bead test 
with each of the following substances: 

(i) Mn-compounds, (ii) Co-compounds ? 

Ans. (i) Colourless bead in reducing flame but amethyst 
violet in oxidising flame. (ii) Sapphire blue bead in both oxidising 
and reducing flame. 

Q. 25. You are asked to carry out borax bead test with 
‘a little’ of the sample.—why ? 

Ans. With too much of the substance the bead becomes 
saturated and may become opaque or so dark coloured that it 
may not be detected. 

Q. 26. Say what inference or inferences you can draw from 
each of the following observations made by heating the substance 
mixed with sodium carbonate in reducing flame on charcoal 


block: 
(i) Green residue left on charcoal; 
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(ii) Grey magnetic mass obtained, 

(iii) Red flakes and spongy mass left on charcoal. 

Ans. (i) Chromium compound, (ii) Compounds of Fe, Ni 
& Co. (iii) Copper compound. 

Q. 27. Which acid is used in the flame test and why? 

Ans. Chloride of metals being more volatile than other com- 
pounds impart characteristic colours to flame more readily and 
that is why НС! is used in the flame test. 

О. 28. Which is correct? 

(i) Sodium obscures the flame colouration of potassium, 

(i) potassium obocures the flame colouration of sodium. 

Ans. First one. 


Q. 29. What is microcosmic salt? 
Ans. Sodium ammonium phosphate Ма(МН4)НРО.4Н.О. 


Q. 30. What is obtained as residue, when microcosmic 
salt is heated? 


Ans. It is converted into sodium metaphosphate МаРО.. 


Q. 31. What causes the microcosmic bead to be coloured in 
O.F. ? 

Ans. Sodium metaphosphate obtained on heating micro- 
Cosmic salt dissolves many metallic oxides yielding orthophos- 
phates. The orthophosphates often have characteristic colours. 

Q. 32. Draw suitable inferences from each of the following 
observation: 

(i) Blue coloured microcosmic bead is obtained, 

(ii) Green (both hot and cold) coloured microcosmic bead is 

obtained. 

(iii) Amethyst violet in О.Е. but colourless microscomic bead 

in В.Е. 

Ans. (i) Cobalt compound, (ii) Chromium compound, 

(iii) Manganese compound. 


О. 33. ‘With copper compounds both in Borax and Micro- 
cosmic bead tests the beads become ultimately red and Opaque 
т R.F.—Explain why. 

Ans. The metaborate in contact with carbon of the reducing 
flame gets reduced first to cuprous metaborate and finally to 
metallic copper : 2Cu(BO2).+C=Cu2(BO>).+B,03+-CO 

Сп:(В0;)» - C=2Cut Bj03--CO 
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In microcosmic bead test the orthophosphate formed in O.F. 

undergoes reduction to metallic copper in R.F. 
CuNaPO4,+C=Cu+NaPO3+CO 

Colour of metallic copper is red and the formation of metallic 
copper thus makes the bead red and opaque. 

Q. 34. Describe the fusion test for manganese and chromium. 

‘Ans. See page 20, expt. 60) 

О. 35.(а) Mention the colour or colours obtained in the 
fusion test with manganese and chromium compounds. 

Name with formulae the substances that cause the colour to 
appear. 

Ans. ‘Mn-compounds give green mass, while with chromium 
yellow mass is obta:ned. 

The green colour is due to formation of sodium (with NaOH 
medium) manganate Na;MnO, The formation of sodium 
chromate Na?CrO4 leads to the development of yellow colour. 

О: 35.(b) The yellow coloured mass obtained in fusion test 
for chromium, if allowed to be dissolved in water and then 
acidified undergoes a change in colour. What is the resulting 
colour and why does this change of colour occur at all? 

Ans. Orange colour. 

Conversion of chromate into dichromate; 

2070 -2H*—— Cr;07"- H20 

Q. 36. How will you test for ammonium compound without 
the help of any liquid reagent? 

State the equation for the reaction that occurs. 

Ans. See expt. 6(ii), page 21. 

(NH4),S04--2NaOH =Ма2804+2М И - 2620 
_ ©. 37.@) А sample was warmed with dil acid (HCl ог H2504) 
in a test tube and a lead acetate paper was held at the mouth of 
the test tube. The paper turned black. What was the acid 


radical of the sample? Why does lead acetate paper turn black? 
Ans. Sulphide. 


Hydrogen sulphide evolved on warming with dil. acid. 
Lead acetate was converted into lead sulphide on coming in con- 
tact with hydrogen sulphide. Lead sulphide is black in colour. 

MS+2HCI=MCI,+H,S + 
РБАс» + H5S —PbS-4-2HAc 


286 A TEXT BOOK OF ANALYTICAL CHEMISTRY 


Q. 37.(b) Is there any gas which like CO, turns lime water 
milky? 

Ans. Yes, Sulphur dioxide. 

Q. 38. How do you differentiate among sulphide, sulphite 
and thiosulphate from their behaviour towards dil. acid? 

Ans. А characteristic foul odour with sulphide due to evolu- 
tion of hydrogen sulphide (cf. Q. 37). 

Smell of burnt sulphur with Бої 
due to evolution of sulphur dioxide. 
sulphate gives а ppt. 
phate from sulphite. 

MSO3+H,SO, =М$0.--Н›О--50. 4 
MS,03+H>SO, =MSO,-++H,0+S0, + +5 $ 

О. 39. On treatment of a sulphite and/or thiosulphate with 
dilute acid a gas evolved which turned acidified dichromate 
green. What’s this due to? 

Ans. Sulphite or thiosulphate yields sulphur dioxide, which 
reduces dichromate to trivalent chromium compound, 

K5Cr;0;4- H280,1-380;—Cr.(SO,),--K,50,--H,0 
> green 


h sulphite and thiosulphate 
- In addition to this thio- 
of sulphur, which distinguishes thiosul- 


Р Q. 40. How can you distinguish between a bromide & ап 
iodide by a preliminary or so-called dry test ? 


Ans. The sample mixed with manganese dioxide is heated 
with conc. H SO; in a test tube:— 

Evolution of brown vapours indicates bromide, 

Evolution of violet vapours indicates iodide: 

Q. 41. What should you expect to observe, 
is heated with conc, Н›5О.. 

How can you make this change a more Prominent one? 

Ans. Evolution of brown fumes. 

The colour is intensified in 
Hence the expt. is to be repeate 


when a nitrate 


presence of a few Copper turnings, 

d with Copper turnings, 

Q. 42.(a) See the expt. stated in ans, to 

the coloured gas evolved in the expt. 
Ans. Nitrogen dioxide. 


Q. 41 and name 
How does it form? 


On heating a nitrate with H5SO, nitric acid is liberated. The 
acid thus liberated undergoes thermal decomposition 
4HNO;—4NO»1-2H50--O,. 
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In presence of copper turnings HNO} undergoes reduction 
easily to a mixture of nitrogen dioxide and nitric oxide. Any 
Nitric oxide first formed undergoes aerial oxidation to brown 
nitrogen dioxide. 

2NO+0,(air) = 2NO»(nitrogen dioxide) 

Q. 42.(b) When a chloride is heated with dichromate and 
conc. H5SO, a deep brownish red vapour evolves. What is 
this vapour? 

Ans. Chromy! chloride CrO;Cl; vapour. 

Q. 43. What change should you expect to observe— 

When the brownish red vapour obtained in the expt. described 
under Q. 42(b) is passed into caustic soda solution, then acidified 
with acetic acid and finally treated with lead acetate solution? 

State the equations involved in the reactions. 

Ans. The brownish red vapour dissolves in NaOH solution 
giving a yellow soln. of Ма>СгО4. Finally РБАс; produces a 
yellow ppt. of lead chromate from this solution. 

CrO;Cl;-4NaOH — Na;CrO4--2NaCIH4-2H50 
Na5CrO4--PbAc? —PbCrO, | +-2NaAc. 
yellow 

Q. 44. Describe a test for fluoride. 

Ans. See the expt. IV on page 29. 


Q. 45. Note the expt. mentioned in ans. to Q. 44. Why 
does in the expt. the drop of water on a glass rod turn turbid? 
What is the formula of the substance that causes the water drop 
to be turbid? Е 

Ans. The water drop turns turbid because of deposition of 
silicic acid. The formula of silicic acid is H4SiO4. 

Q. 46. State with a suitable example the equations involved 
in the reactions for the expt. mentioned in ans. to Q. 44. 

Ans. See the note (1.е., М.В.) given above the expt. V on 
page 30. 

Q. 47. Describe perchromic acid test for, chromate. 

Ans. See the expt vi(a), page 31. 

О. 48. Note the expt. in О. 47 and say what causes the blue 
colour to appear. Does this colour last long? If so why so? 
If not why not? 

Ans. The blue colour is due to the formation of the so called. 
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perchromic (actually peroxide СгО;) acid. It does not last long, 
-as it decomposes yielding oxygen and a green solution of a 
chromic salt. 

Equations for the reactions that occur: 

4MCrO4--4H5S0, = 4MSO,4--2H5;Cr;0;4-2H;0 
2H5Cr;)0;4-8H50, = 4CrOs-- 10650 
4CrO5--6H;SO, = 2Cr(S04)5-- 6H;0 4-70; 

Q. 49. What reagents will you use for testing a phosphate? 

Апу. Ammonium molybdate and nitric acid. 

Q. 50. Name ihe compound that is precipitated in the test 
for phosphate with ammonium molybdate. What is the colour 
of the ppt.? 

Ans. Ammonium phosphomolybdate is pptd. Colour of the 
ppt. is yellow. 


Q. 51. State the necessary conditions for carrying out the 
molybdate test for a phosphate. 

Ans. (i) The solution should not be heated to a temperature 
exceeding 40°C. (ii) Excess of reagents i.e., ammonium 
molybdate and conc. HNO; are to be used, (iii) Presence of a 
large amount of halide ions should be avoided, 


О. 52. Why is it that in ammonium molybdate test for a 
phosphate the solution should not be heated beyond 40°С? 

Ans. Arsenates give similar reaction on boiling. Besides, 
silicates give yellow solution and white molybdic acid may separate 
out on boiling. 

Q. 53. What is the necessity of using an excess of reagent in 
ammonium molybdate test for a phosphate? , 

Ans. For each PO 4 ions 12 MoO; units are necessary. The 
yellow precipitate of ammonium phosphomolybdate is soluble in 
alkalis, ammonia, alkali phosphates and excess of phosphoric 
acid. Hence, the use of excess of ammonium molybdate and 
nitric acid. 

Q. 54. What additional reagent should you use in order to 
prevent interference from AsO,- and SiO32- while testing for 
a phosphate with ammonium molybdate? 

Ans. 15-20% tartaric acid solution. 


Q. 55. Describe alcohol flame test for boric acid. 
Ans. See page 28, expt. III(a) 
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О. 56. ‘The mere production of a green-edged flame in 
alcohol flame test for borate is no proof of the presence of a 
borate. —Why it is said so? 

Ans. Free boric acid also produces the same green edged 
flame here. Hence, the presence of a borate should be reported, 


if boric acid is absent. 
О. 57. Is it essential to use sulphuric acid in alcohol flame 


test for boric acid? 
Ans. No. | 5 
О. 58. Is it necessary to use sulphuric acid in alcohol flame 


test Гог a borate? 

Ans. Yes. 

Q. 59. What causes the flame green in alcohol flame test 
for boric acid or borate? 

Ans. Methyl or ethyl borate. 

Q. 60. In alcohol flame test for boric acid or a borate which 
will you prefer and why: methyl alcohol, ethyl alcohol? 

Ans. Free boric acid or boric acid liberated from a borate 
by the action of H3SO, reacts with alcohol forming methyl or 
ethyl (according to the alcohol used) borate, which burns with a 
green edged flame. 

H5S0, 

Na5B407———— —— —— ——— H3BOs 


ROH 


ЕВО; >В(ОК);- Но 
Methyl borate being more volatile than ethyl borate, the use of 
methyl alcohol is always preferred. 

“о. 61. Describe *silicon tetrafluoride test" for silicate. 

Ans. See page 30, expt. у. 

О. 62. What is the cause of turbidity of water drop in ‘Silicon 
tetrafluoride test’ for silicate? State only the equaitons of th 
reactions involved in the change. r 

Ans. Deposition of white silicic acid on м 

E ater k 
the latter turbid. , drop makes 

For equations see page 30. 

Q. 63. What is the formula of sodium nitroprusside? What 
colour does it give on reaction with sulphide ion? Give the 
formula of the coloured substance that results fi | i 

rom the tion. 

Ans. Nas[Fe(CN)sNO], E 

Violet colour, due to formation of Nay[Fe(CN)sNOS] 


A. C.—19 
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О. 64. Give the equation for the reaction of sodium nitro- 
prusside with an aqueous solution of Sodium sulphide. 


Does the nitroprusside give the reaction with free gas ог 
hydrogen sulphide solution? 

Ans. Na58-- Naj[Fe(CN);NO] = Na,[Fe(CN);NOS] 

Neither the hydrogen sulphide solution nor the free gas will 
give the reaction. 


Q. 65. Mention a test to which all sulphur acids will respond. 
Ans, See Page 32, expt. УП. 

Q. 66. A little of barium sulphate mixed with anhydrous 
sodium carbonate js heated in a groove on characoal block in a 
reducing flame. A foul gas evolves, when a portion of the 
fused residue is treated with dil. HCI. What is the gas? State 
its smell and action (f there be any) on lead acetate paper. 

Give equations Showing the sequence of changes that leads 
to the formation of the gas from barium sulphate. 

Ans. Hydrogen Sulphide evolves. Its smell is similar to that 


of a rotten egg. It blackens lead acetate paper due to formation 
of lead sulphide, 


BaSO,-- Na3CO,--4C (from charcoal) 
—BaCO;-4-Na;S--4CO 
Na,S+2HCI —2NaCI-- HS 


(B) Wet tests : 
Q. 1. Name the solvents that are to be tried for getting the 


Substance in solution in order to detect the basic radicals, 

Ans. (i) Water—cold and boiling, (ii) dil. HCl—cold & hot, 
(iii) conc. HCl—cold and hot, (iv) aqua regia or conc, НС and 
a few particles of KCIO;. 

Q. 2. in wet analysis for cations the solution of the Substance 


times turns turbid on 


What does this change indicate T 
cations? 
Ans. Presence of Sn, Sb and Bi compounds. 


egarding the presence of 


Q. 3. Why should you use a small Quantity of the substance 
for wet anaiysis of basic radicals? What is the general limit of 
the amount of substance that is to be taken for wet analysis of 
basic radicals? 
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Ans. With a large quantity of the substance, the ppt. will 
be so bulky that difficulties will be encountered in filtering, 
washing and finally disolving them. 

Generally 0.5—1 gm. of the sample is to be taken for analysis. 

Q. 4. What is a group reagent? 

Ans. A group reagent separates a particular group of ions 
from ions of the groups (or group) that follow. 

О. 5. Does a group reagent separate metals of the particular 
group from those of the groups that precede it? 

Ans. №. 

Q. 6. What is the gr. I reagent? 

Ans. Dil. НСІ. 

Q. 7. What are the metallic ions that comprise the gr. 1? 

Ans, Agt, Pb**, Hg2**. 

Q. 8. What is the special feature of the gr. I metallic ions? 

Ans. Chlorides are insoluble in cold dil. НСІ. 

О. 9. Give the formulae of the рр. obtained on addition 
of dil. HCI to a solution containing metallic ions of silver group. 

Ans. AgCl, РЫСЬ, НеСђ. 

О. 10. What is meant by the term ‘solubility product 7 

Ans. For sparingly soluble salts the product of the concentra- 
tions of the constituent ions raised to appropriate powers in a 
saturated solution of a given salt is a constant at constant temper- 
ature. This product is called the solubility product of the salt 
at the particular temperature. 

Q. 11. Define ‘solubility product in terms of solution 
process. 

Ans. The equilibrium constant for the solution process of a 
sparingly soluble salt is termed its solubility product at the 
temperature concerned. 

О. 12. When does the precipitation occur? 

Ans. a n ^s iuc qo и product of а sparingly 
solublefsalt exceeds the solubility product of that salt, precipita- 
tion will occur. 

О. 13. Why is it that a slight excess of precipitant i.e. group 
reagent should always be added in order to precipitate out metals 
of a group for analysis? 

Ans. To make the precipitation of the ions practically 
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complete. Let us, for example, take the case of precipitation of 

AgCI in gr. I. In a saturated solution of silver chloride the 

equilibrium may be represented by: AgCl(s) = Ag—-CI- 
Hence, К, = Ca XCar au {i} 


Where К, is the solubility product of AgCl. Now group I 
reagent is dil. HCl, which dissociates into Н+ and Cl- ions. 
Consequently when dil. НСІ is added, С,“ in equation (i) in- 
creases. With this increased concentration product of the ionic 
concentration momentarily exceeds the solubility product of 
AgCI. In order to attain the solubility product value Сл“ inust 
decrease and this can only occur by some AgCl going out of 
solution. In other words some Cl- ions and Ag* ions combine 
to form solid AgCI, i.e., some silver chloride is thrown out of the 
solution as ppt. Since K, is eqn. (i) is a constant, the greater 
the concentration of СІ- ions the smaller is the concentration of 


Ав“ ions in solution. Hence is the use of a slight excess of 
precipitant. 


Q. 13(a) Should an excessive amount of the precipitant be 
used in the reaction of precipitation? If so, why so, and if 
not why not? 

Ans. Only a slight excess is used. Use of a large excess may 
cause partial dissolution of the ppt. through complex formation. 
Furthermore it may cause complications at subsequent stages 
of analysis. The ppt, for example, may pass into colloidal 
State causing a lot of troubles. Last but not the least, an 
unnecessary excess is wasteful. 


О. 13(5). Why is it usually asked to add the precipitant to. 
the hot medium and often with shaking or stirring? 


Ans. Hot medium helps coagulation of the ppt. Stirring or 
Shaking helps the crystals grow in size. 


Q. 14. Dil. HCI precipitates out metals of Br. T as 
chlorides but fails to do so with metallic ions of subsequent 
groups. Why? 

Ans. Cl- ion concentration is increased due to addition of 
hydrochloric acid. The chloride ion concentration thus becomes. 
sufficient to exceed the solubility product of AgCI, PbCl, and 
НСІ but not sufficient to exceed the solubility product of the 
chlorides of metals of subsequent groups. Thus PbCh, HgsCl; 
and AgCl only are pptd. in gr. I. 
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Q. 15. Name the gas used for precipitating basic radicals 
in order to classify the latter into analytical groups. у 

Ans. Hydrogen sulphide. 

О. 16. Name the П gr. reagents and the metallic ions that 
constitute thc group. 

Ans. Group reagents: H2S in presence of dil. НСІ. 


Metallic ions : Hg**, Pb:*, ВЕ, Cu**, Cdit 


о 


Asttt, Sb, Sni^, Sm 


E 


Q. 17. What is the special feature of IL gr. metals? 

Ans. Sulphides insoluble in dil. HCI. 

Q. 18. What should be the acid concentration of the solution 
in order to have the best result with Н55 in II group? What is 
the reason behind it? 

Ans. See page 41;—In order to have the best result (i.e., 
the 4th line from the top)......... and tend to form a stable sol 
(i.e. 14th line from the top). 

Q. 19. How will you adjust the hydrogen ion concentration 
of the solution to precipitate out second group metals by hydrogen 


sulphide. 
* Ans. The filtrate from gr. 1. or HCI solution of the sample 


is ‘made just alkaline with NH,OH (tested with litmus) by 
dropwise addition of the latter neglecting any ppt. that may 
come down. Now 1 c.c. 6(N)HCI per 20 c.c. of the solution: is 
added, heated to boiling and HS passed. The filtrate or the 
solution as the case may be is diluted to three times with water 


and HS passed again as before. 

Q. 20. Name the basic radicals that form the group IIA. 

Ans. Mercury (ic), lead, bismuth, copper and cadmium. 

Q. 21. Name the basic radicals that comprise the group ИВ. 
]s.there any special name for gr. ПА or gr. ИВ ? What are the 
names, if there be any ? 

Ans. Arsenic, antimony and tin. 

Yes, Gr. ПА is also known as copper group while Gr. ПВ 
as arsenic group. 

„Q. 22. State а property that distinguishes gr. ПА from gr. ИВ. 
:"Апѕ. Sulphide of gr. ПА metals are insoluble in yellow 
ammonium sulphide while those of gr. HB are soluble in it. 99 
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... ©. 23(a). How will you separate sulphides of 2r. ПА metals 
from those of gr. IIB. 

Ans. The pptd. sulphides are treated with yellow ammonium 
sulphide. The mixture is’ warmed, while Stirring with a glass 
rod, cooled and filtered. The filtrate contains gr. ПВ cations - 
and the residue left over contains gr. ПА. The filtrate on acidi- 
fication gives a ppt. of higher sulphides. 


О. 236). Why is yellow ammonium sulphide used instead 
of ordinary colourless ammonium sulphide in Separating ПА & 
JIB basic radicals? 

Ans. Among the gr. IIB sulphides SnS is insoluble in ordinary 
ammonium sulphide. Yellow ammonium sulphide is a poly- 
sulphide and an oxidising agent. 1t dissolves SnS. 


Q. 24. What is yellow ammonium sulphide? State with 
equations (one example only) the role played by it in dividing 
the group LI cations into subgroups A & B. 

Ans. Yelow ammonium sulphide is a polysulphide 
[QNH4)s S+S] and also an oxidising agent. 


Of the sulphides of gr. II metals only arsenic, antimony and 
tin undergo dissolution on treatment with yellow ammonium 
sulphide forming thio-salts. The solution thus obtained on 
acidification with dil. НСІ gives a ppt. of higher sulphides and the 
excess of yellow ammonium sulphide is decomposed at the same 
time. These basic radicals form gr. ИВ, while the metals, whose 
Sulphides are insoluble in yellow ammonium. sulphide form 
gr. ПА, 

As)S3-I-(NH4);S -2S —2(NH34))AsS4 
ammouium thioarsenate 
On acidification of thio-salt; 
2(NH4)3AsS4+-6HCI=As.S5 1+ 6NH,4CI--3H:S 


7. О. 25, In a medium acidified with dil. HCI hydrogen sulphide 
precipitates out metals of gr. II, while the sulphides of metals 
of subsequent groups are not ррга, under similar condition. 
—Explain why. 

Ans. See page 47, 2nd paragraph. 


Q. 26. What type of substance interferes with the precipita- 
tion of gr. II metals as sulphides (by the passage of H;S through 
acidified solution) ? 
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.. Give a few names of such substances. Illustrate the mode of 
interference by a suitable example. 

Ans. Oxidising agents. 

Ferric salts, chromates, arsenates and nitrites. 

See page 41; From 3rd. line of 2nd paragraph : HS is first 
oxidised by...... 2FeCl;+- H.S=2FeCl,-++-2HCI-+S. 

‚О. 27. Describe a method for removal of each of the 
following so that they are prevented from interfering with the 
precipitation of sulphides of И gr. metals by H5S: 

Sulphites, nitrates and nitrites. 

Ans. See items (i) (ii) & (iii) on page 41. 

О. 28. How are chromates, arsenates and ferric salts prevented 
from interfering with the precipitation of sulphides of gr. II 


metals Бу H;S. 
Ans. SOs-water i.e., sulphurous acid are added to the solution 


till the latter distinctly smells of it. Excess of sulphur dioxide is 
then boiled off. 


Q. 29. It may so happen sometimes that a white ppt. appears 
while reducing chromates, arsenates etc. by boiling the solution 


with sulphurous acid. 

Why does it occur at all? 

What do you propose to do with the ppt.? 

' Ans. The ppt. is due to conversion of compounds of Pb, Ва, 
Sr and Ca (present singly or in a mixture) into their sulphates. 


The ppt. is washed with water and the flame test performed. 
With the indication thus obtained the ppt. is treated as insoluble 


substance. 

О. 30. How will you separate PbCI, from a mixture contain- 
ing РБСЉ, AgCl and Hg;Cl;? 

How will you confirm the presence of lead in it? 

Ans. By boiling with much water and filtering hot. РЫСЬ 
passes into filtrate. 


For the rest see P. 54, the 3rd. column from the left. (i.e., 
the extreme right column of the table). 


Q. 31. How will you separate in order to analyse: 
a mixture of AgCl and Hg>Cl,? 
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What is the colour of the residue left over? What is this 
colour due to? 

Ans. By treatment with warm 6(M) NH4OH; when AgCI 
goes into solution forming a complex salt. 

The residue turns black because of the separation of finely 
divided mercury. 


О. 32. How will you test for silver in an ammoniacal soli- 
tion of silver chloride? Give equations for the reaction. 

Ans. See Page 54, middle column of table-3. 

For- equations: See page 55, the 8th and the 9th line 
from bottom. 


Q. 33. The metallic sulphides obtained by passing HS 
through solution containing all the metals of эг. НА are washed 
with water and boiled for 2-3 minutes with dil. HNO;. 


What will be left over as residue ? 
Ans. Mercury sulphide & free sulphur. 


Q. 34. Why is it that the IIA group sulphides are washed 
with water prior to dil. HNO; treatment? 

Ans. The sulphides of gr. ПА metals are pptd. from a medium 
acidified with dil. HCI. The ppt., therefore, remains admixed 
with a fair amount of hydrochloric acid. Hence, if this be directly 
treated with nitric acid, a part or whole of mercury sulphide will 
20 into solution by the action of mixed acid. That is why the ppt. 
is washed with water to make it free from hydrochloric acid. 

Q. 35. What is alkali stannite? Why does the ppt. turn black 
when a few drops of alkali stannite is added on to the ppt. of 
Bi(OH);? Give equations. ai 

Ans. To a solution of stannous chloride dil. solution of caustic 
soda is added dropwise until the initial white ppt. of stannous 
hydroxide just dissolves. The resulting solution is alkali 
stannite and it reduces bismuth hydroxide to metallic bismuth and 
hence the change of colour. 


2Bi(OH)s-- 3Na;SnO;— 2Bi-+ 3NasSnO3-+-3H,0 


О. 36. Explain how mercury is tested for in the ПА group 
ppt. obtained by the action of hydrogen sulphide? 

Ans. See the last paragraph of page 56; Ist. and second para- 
graphs of page 57. 
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О. 37. In the analysis of ПА group ppt. the filtrate obtained 
from ammonium hydroxide treatment is found to be coloured 
blue. What does this indicate regarding the presence of basic 
radical? 

How will you confirm the presence of this basic radical in the 
filtrate? . 

Ans. Presence of copper compound. 

For the rest see Table 5, page 58, extreme right column at the 
bottom. 

Q. 38. Why is it necessary to acidify the ammoniacal filtrate 
before performing the confirmatory test for copper with potassium 
feirocyanide? 

Ans. To decompose the complex [Cu(NH3)]'^ into Сит" 
ions. Besides, ferrocyanide is decomposed by alkali. 

Q. 39. Give the formula of potassium ferrocyanide. What 
is the colour of the ppt. obtained in the confirmatory test for 
copper with potassium ferrocyanide? Give the formula of 
the ppt. Rs 

Ans. KalFe(CN)o]- 

Reddish brown or chocolate colour. 
its Си [Ее(СМ)в] 


Q. 40. Does cadmium interfere with the ferrocyanide .test 


for copper? 
Ans. No. 
©. 41. How can you detect cadmium in presence of copper? 
Ans. See the extreme right column of the table-5, P. 58-59. 
Q. 42. Is it necessary to use KCN in order to detect cadmium 
with H3S in absence of copper ? 


' "Ans. No. 
©. 43. In presence of excess of KCN hydrogen sulphide 
precipitates out cadmium but not copper though the solubility 
product of copper sulphide is much smaller.—Explain why. 
Ans. See the last but one paragraph of page 60. 


©. 44.(a) What will you observe: 


(i) The ppt. of РБЗО4 (obtained in gr. IIA analysis) is boiled 
with conc. ammonium acetate solution; 
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(ii) The residue of arsenic sulphide (gr. ПВ analysis) is gently 
heated with powdered ammonium carbonate and a little water? 
Ans. (i) Lead sulphate dissolves. 
(ii) Arsenic sulphide dissolves, 


О. 44. (b) See the ans. to Q. 44(a). The solution (i) is acidi- 
fied with dil. acetic acid and potassium chromate added. The 
solution (ii) is acidified with ай. НС]. State the noticeable changes 
and explain with equations the reactions occurring in the 
processes. 

Ans. See the third paragraph of Page 57 and the last para- 
graph of page 62. 


Q. 45. Name the basic radicals that comprise gr. ША. What 
is the group reagent here? 
Ans. Fet++, ды Суч 


Group reagent: NH,OH in presence of NH,Cl. 


О. 46. The metals of gr. ША аге pptd. as hydroxides.. 
NH4OH alone can do the job. Why is then МИС! used in con- 
junction with NH4OH? + 

Ans. See the Second paragraph of page 48. 


On the other hand in absence of NH,Cl, with undiminished 
OH- ion Concentration ША, ШВ, [У metals & Mg are рр. 


as hydroxides, since the solubility product of their hydroxides 
are exceeded. 


Q. 47. Can we use NaOH as group HIA-reagent? If 50, 
Why so and if not, why not? 

Ans. No, it can't be used. : 

Solution of NaOH is a Strong electrolyte, dissociation is 
almost complete in solution. OH- ion concentration is sufficient 
enough not only to exceed the solubility product of hydroxides 
of gr. IIIA metals but also those of hydroxides of gr. ПІВ, IV and 
V (Mg) metals. Hence, caustic soda precipitates out group ША 
along with ШВ, IV and Mg—all as hydroxides, 

О. 48. (а) Can NaCl+NaOH be used instead of NH,Ci-+ 
NH4OH as gr. ША reagent? Advance reasons in Support of 
your answer. 

(b) Can you use here (NH4)SO, instead of NH,Cl? IF зо, 
why so? И not, why not? 

Ans. (a) No. 
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, Dissociation of NaOH in solution is almost complete. The 
common ion (Nat ion being common) effect is negligible. The 
value of OH- ion concentration in consequence is sufficient not 
only to exceed the solubility product of the hydroxides of gr. 
IIIA metals but also the same for the hydroxides of Grs. ШВ, 
IV and V (Ме) metals. Furthermore, the mixure of NH,CI 
& NH,OH has buffer action 

(b) No. Barium, strontium etc., if present will be pptd. here 


as sulphates. 


. Q. 49. Name the acids that interfere with the usual scheme 
of analysis for basic radicals form gr. III onwards. 

Ans. Boric, hydrofluoric, silicic and phosphoric acids. 

Q. 50. What are generally known as interfering acids? When 
and how do they interfere? 

Ans. See the ans. to Q. 49 and the last paragraph of p. 43. 

О. 51. A method for removal of interfering acids involves. 
evaporation of the filtrate from gr. П. to dryness and repeated. 
evaportion of this residue with conc. HCI. 

What are these acids and in what form are they removed ? 

Ans. Boric and hydrofluoric. 

Boric acid volatilises in the steam and HF volatilises with 

HCl. 

О. 52. As what compound is phosphate removed in FeCls. 
method? 

Ans. FePO,. 

'Q. 53. What are the advantages of FeCl; method of removal 
of Phosphoric acid? 

Ans. See page 51. 

О. 53. (a) See О. 51 and state what additional steps are to 
be taken in order to remove silicic acid. 

Ans. Silicates decomposable by hydrochloric acid are con- 
verted into an insoluble form of SiO», if repeated evaporation 
followed by baking is resorted to. The mass is extracted with 
dil. HCI and SiO, filtered off. 


Q. 54. Why is it that in passing from gr. II to gr. III the 
filtrate from gr. II is boiled with a few drops of conc. HNOz 
or bromine water after boiling off H5S? 

Ans. See the item 5 on page 43. 


300 А TEXT BOOK OF ANALYTICAL CHEMISTRY 


Q. 54. (a) Which will you use in the removal of phospate 
and why ?— 

Freshly prepared neutral ferric chloride, an aged solution of 
ferric chloride. 

Ans. The first one. Aged solution contains free НСІ and 
consequently affects the pH of the medium and leads to 
incomplete precipitation. 4 

Q. 54. (b) How will make the given FeCl, solution 
neutral for use in phosphate separation? 

Ans. By adding a dil. solution of ammonia till a slight 
permanent ppt. is formed, which is finally filtered off. 


Q. 55. How will you separatc Fe(OH); from hydroxides of 
aluminium and chromium present in the gr. ША ppt.? 

Ans. By boiling the ppt. with water. and sodium peroxide 
ull effervescence ceases, Fe(OH); remains in the residue. 


Q. 56. See the previous question and answer, and say what 
change or changes you expect to observe in the process. Explain 
with equations the reactions taking place during the process. 

Апу. See the second paragraph along with the equations 
on page 64. 

Q. 57. To a little of ferric chloride solution if a few drops 
of potassium ferrocyanide be added, a coloured ppt. comes down. 
What is the colour and to what is this due? 

Ans. Prussian blue. 

See the Ist. paragraph of page 65. 

Q. 58. Name the metallic ions that comprise gr. ШВ. What 
is the group reagent here and what is the distinctive feature of 
the group? v 

Ans. Zn**, Мо, ме“, Со“. HS in presence of МОН 
and NH4CI. 

Feature: Sulphides soluble in acid but get precipitated in 
alkaline condition. 


О. 59. Which are likely to be Precipitated by HS in acid 
medium: i 
(i) Sulphides having higher solubility product, (77) sulphides. 
with low solubility' product ? 
Ans. The second type. Per 
Q. 60. (a) Whose solubility product values are higher: 
(i) Sulphides of gr. II metals, (ij) Sulphides of gr. ТИВ metals? 
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(b) Why is it that HS is passed in ammoniacal medium 
in order to precipitate out ШВ gr. metals as sulphides? 
Ans. (а) Sulphides of gr. HIB metals. 
(b) See the last paragraph of page 47. 


Q. 61. (а) What is the formula of dimethylglyoxime ? 

(b) Name the metallic ion, whose presence is confirmed. 
by this reagent. 

Ans. (а) CH3—C-— NOH 


| 
CH;—C=NOH 
(b) Nickel (Ni?*). 
Q. 62. In a confirmatory test for manganese the pptd. 
hydroxide is boiled with HNO; and PbO, (or РЬ;О)). 
; What change will you observe and why does it occur? Give 
equation showing this transformation. 
Ans. Pink colour develops due to formation of MnO,- ion. 
For equation see the 5th. equation from top, page 68. 


7:70. 63. While precipitating out metals of gr. IV with the group 
reagents should you boil or warm the mixture after addition of 
ammonium carbonate? 


Give your answer with plausible explanation. 

Ans. See the Ist, paragraph (from the 6th. line from top) on 
page 45. 

Q. 64. Name with formula the reagent used in detecting 
magnesium in the filtrate from gr. IV. 


‚ How you determine whether the ppt. obtained with the above 
reagent is a compound of aluminium or of magnesium? 


Ans. Disodium hydrogen phosphate, Na3HPO, 

For the rest see the note 2, on page 73. 

О. 65. Give the formula of sodium cobaltinitrite. What 
is the basic radical for whose identification it is used?" Name 


with formula the compound formed making this identification 
possible. What is the colour of the compound? 


Ans. Маз[Со(МО>)$]. 
Identifications of potassium. 


Potassium-sodio-cobaltinitrite K;Na[Co(NO5);]. yellow. 
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О. 66. What is the basic radical that interferes with “the 
sodium cobaltinitrite test for potassium in gr. V? How will you 
carry out the test when this interfering radicgl is also present ? 

Ans. МЕ ion interferes with this test. Besides, some ions 
belonging to gr. ПА and IIB interfere, but the question of the 
presence of these ions in gr. V does not arise at all. 

For the rest: See the second paragraph of item 2 on page 74. 

Q. 67. What is Nessler's reagent? 

What colour or coloured ppt. as the case may be does the 
reagent produce with ammonia? 

In order to carry out the test with this reagent it is often 
advised to heat the sample with alkali and allow the evolved gas 
10 pass through it.—why? 

Ans. See the note 5, pages 73-74. 


Q. 68. Name a reagent used to detect Na* ion. Does the 


necessary reaction occur in acid medium? State with equation 
the changes that take place. 


Ans. Sce the item 3 on page 74. 


Q. 69. It may so happen sometimes that a ppt. comes down 
on addition of Na HPO; to the filtrate from group IV even when 
no magnesium is present. What’s this due to? 


Ans. See N.B. under the second paragraph, page 73. 

Q. 70. To an acetic acid solution containing Sr'* and a 
small amount of Ca*+ ammonia is added to make the solution 
alkaline. To the resulting alkaline mixture a saturated Solution 
of ammonium sulphate is added, heated to boiling and then 
allowed to stand for five minutes. À 


State and explain what you expect to observe in the above 
process. 

Ans. See the last paragraph of page 71. 

О. 70.(a) Why is it that magnesium carbonate, 
insoluble in water is not precipitated in group IV? 

Ans. In presence of NH4CI the high concentration of NH, 
ion lowers the СОу ion concentration of the Solution to such 
low a value as the solubility product of МЕСО; is not attained. 

О. 70. (b) Can we use Na3CO, as the grou 
Advance reason in support of your statement. 

Ans. No. The concentration of CO;— ion will be so high as 
the solubility product of MgCO; will be exceeded. Hence 
MgCO; also gets рр. along with the carbonates of gr. IV. metals. 


though 


P ТУ reagent? 
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Q. 71. Describe the ‘ring test’ for nitrate. 

‘What causes the brown coloured ring to be formed? 

Ans. See expt. 4 page 78; and note 2 on page 79. 

Q. 72. Find out the correct statement or statements: 

In a mixture of nitrate and nitrite 

(i) Nitrite inteferes with the test for a nitrate. 

(ii) Nitrite can be identified even in presence of a nitrate. 

(iii) Nitrate always interferes with the test for a nitrite. 

(iv) Identification of a nitrate necessitates the prior removal 

of nitrite. 

Ans. All save and except (iii) are correct 

Q. 73. How will you decompose a nitrite for carrying out test 
for a nitrate? Give necessary equations. 

Ans. See N. B. on pae 81. 

Q. 74. In a test for halidé (Вг & Г) the prepared solution is 
treated with chlorine water in acid medium. Show ћу equation 
олу the reaction involved in the change. 

Ans. 2X---Cl, = 2Cl-4-X5, X = bromine, iodine. 

Q. 75. How will you test for nitrate in presence of bromide 
and iodide? Give equations. 

Ans. See the expt. (а) under mixture no. 7 on page 85. 

. Equations: (i) NaNO3+4Zn-+-7NaOH=NH3+4Na,ZnO,-+ 
2H50; (ii) 3NaNOs--8AI--5NaOH 72H50 —3NH;4-8NaAIO;. 

Q. 76. See Q. 75 and say whether the nitrate can be identified 
or not by performing ‘brown ring test’ here. 

. Ans, No. Bromide and iodide must be absent. After the 
removal of bromide and iodide by nitrate free silver sulphate the 
test may however be applied. 

Q. 77. See ans. to Q. 75 and say how by this test you can 
detect the presence of a nitrate in presence of ammonium ions 

Ans. See М.В. under the expt. 7 on page 85. | 


О. 78. What characteristic change or changes should you 
expect to observe: When— 


(i) To a portion of the neutral solution (prepared for identi- 
fication of acid radical) containing phosphate and [ог iodide an 
excess of AgNO; solution is added? 

(ii) To a portion of the neutral solution (prepared for identi- 
fication of acid radical) containing thiocyanate a dilute solution 
of FeCl; is added drop by drop? 
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(iii) А portion of the solution (prepared for identification 
of acid radical) containing nitrate is acidified with dil. H5SO, and 
then a little of KT and starch solution are added? 

(iv) A portion of the prepared solution containing nitrite and 
iodide is acidified with dil. HSO, and starch soluton added? 

Should in any case no characteristic change occur what 
modification of the process you propose to do so as to cause the 
desired change to take place? | 

Ans. (i) А yellow ррё.; (ii) Blood red colouration; (iii) No 
characteristic change. If, however, the process is carried out 
by mixing another reactant i.e., а piece of zinc, a deep blue colour 
develops. (iv) A deep blue colour develops in solution. : 

О. 79. Note the process (iv) described in Q. 78 and indicate 
in terms of equation the change or changes that occur. : 

Ans. 2NO2’+-21' +-4H* —2NO4-2H50--T 

starch--I5—Starch iodide (blue) 

9. 80. How will you test for arsenite 
arsenite, arsenate and phosphate? 

Hints. After the Separation of arsenate and phosphate (in 
ammoniacal medium) with magnesia mixture the filtrate is treated 


with HS as usual in acid medium, when a yellow ppt. of arsenióus 
Sulphide confirms arsenite. 


Q. 81. See the Hints to Q. 80 and state the colour and 
formula of the ppt. obtained with magnesia mixture indicating 
the reactions involved by equations only. 

Ans. White ppt. of MgNH4PO46H;O (magnesium ammonium 


phosphate) and MgNH4As04 6H2O ( magnesium ammonium 
arsenate). | 


in a mixture containing 


HPO,4"+MgCl,-+NH,OH=MegNH,PO, | +21". H,O 
HAsO;'--MgCl-- NH,OH —MgNH,AsO, | +2Cl'+H30 _ 
Q. 82. What is magnesia mixture? 

Ans. Solution containing MgCl», NH,CI and a little NH4OH. 
Q. 83. What change or changes will occur, 


\ when a ppt. 
containing a mixture of AgCl, AgBr & AgI is shaken with 4N 
(МН.:)2СОз, filtered and to the filtrate a few drops. of KBr sotu- 


tion added. 


Ans. Of the three components AgCI only goes into solution 
from which KBr precipitates out yellowish white AgBr. 
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-Q. 84. To the sodium carbonate extract containing S", 
$03”, SO," & S505" an excess of PbCO; suspension is added 
and filtered. To the filtrate thus obtained an excess of Sr(NO3)2 
solution is added and filtered. Мате the acid radical (sulphur) 
present in the latter filtrate. How will you test for it? 

Ans. $505" remains in the filtrate. 
For test: See the extreme right column of the table for 


mixture no. 4 on page 82. 

Q. 85. Will you acidify the prepared solution before proceed- 
ing with the examination for sulphur acids in it? 

Ans. No. 

Q. 86. In a method for detection of bromide mixed up with 
an excess of iodide the latter is removed first and then the test 
for bromide is carried out in a medium made acidic with acetic 
acid by treatment with chlorine water as usual. 

Describe a method for this removal of iodide explaining the 
reactions involved. 

Ans. The prepared solution made acidic with acetic acid is 
treated with an excess of copper sulphate solution, when cuprous 
iodide is pptd. It is filtered. From the filtrate iodine is boiled 
eff, the filtrate is made faintly alkaline with NaOH and filtered. 
With the resulting filtrate test for bromide is carried out after 


acidification with acetic acid. 


Copper sulphate reacts with iodide, when iodine is liberated 


and a ppt. of cuprous iodide is obtained. 2CuSO,4+-41'= 


CujI--I54-2804". 
Cuprous iodide is removed by filtration, liberated iodine 
is boiled off and excess of copper ion is removed as Cu(OH); 


by precipitation with NaOH. 


(C) Insoluble Residue or Sample. 

Q. 1. An insoluble residue (or sample) is green in colour. 
What preliminary tests you propose to perform with it for detec- 
ing the basic radical present? 

Ans. Oxidising fusion (special) test. 

Q. 2. For a white insoluble residue (or sample) what preli- 
minary test or tests should especially be performed with a view 
to finding the basic radical (or radicals) ?. 

Ans. Cobalt nitrate test, Flame test and Fluorescent test. 


A.C.—20 ^ 
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Q. 3. Name the acid radicals that may remain associated 
with the insoluble residue or sample. : 


Ans. Halides, CrO,”, S", SO," and 5105". 

О. 4. Give only the names of preliminary tests that are to 
be carried out with the insoluble residue or sample with a view 
to finding the acidic radicals. 

` Ans. (i) Warming with conc. Њ80,, (ii) Warming with MnO, 
and conc. H5SO,, (iii) Silicon tetrafluoride test. 

О. 5. SnO; is insoluble but this on heating with sulphur and 
anhydrous sodium carbonate dissolves in water. 

What's this change due to? What happens when this aqueous 
Solution is acidified with dil. HCI? 

Ans. See the ‘reactions’ described in second Paragraph, page 93 


Q. 6. Devise a simple method of Separating out lead sulphate 
from a mixture containing PbSO,, BaSO, and/or Silica. 

Ans. Treatment with a conc. so 
(made slightly acidic With HAc) at 7 
2065 into solution. 


lution of ammonium acetate 
0*C, when only lead sulphate 


Q. 7. State the formula and colour 
Апу. FeCr30,, dark-grey. 


Q. 8. Describe fluorescent test for tin. 
Ans. See page 90, expt. (ix), 


of chrome iron stone. 


О. 9. What precautions should be taken while reporting for 
tin by fluorescent test? 


Ans. See the note 2 on page 90. 
О. 10. If silicon dioxide and one or more of the ignited 
oxides of Fe, А! and Chromium be previously suspected in the 


insoluble residue or sample, which of the following reagents 
Should be used for attacking the insoluble, 


(i) sodium peroxide, (ii) acid potassium sulphate, (iii) caustic 
soda? 


Ans. Acid potassium sulphate. 

Q. 11. What visible change will occ 
chromate is fused with caustic soda and 
treated with hot water? 


ur, when fused lead 
the Tesulting mass is 


Indicate the reaction by equation. 
Ans. Fused lead chromate dissolves. 
PbCrO4--4NaOH —Na;CrO,-F Ма РБО -|- 2H;0 
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Q. 1. What is the first step in class determination of an 
organic compound? 
Ans. То find out the characteristic constituent elements 


present in the compound supplied. 


О. 2. What are the elements to be looked for? 

Ans. Nitrogen, halogens and sulphur. 

Q. 3. Is it worth while to test for carbon in the organic sample 
supplied? Justify your answer. 

Ans. No. 

Organic compounds are carbon compounds and hence carbon 
is to be tested for only when a compound is not definitely known 
to be organic. 

Q. 4. What is a functional group? 

Ans. The atom or a group of atoms that defines the structure 
of a particular class or family of organic compounds, and on 
which at the same time the properties of an organic compound 
primarily depend is called the functional group. 

Q. 5. Whose method you generally follow in a laboratory 
for detecting the characteristic elements in an organic compound ? 

Ans. Lassaigne's method. 

Q. 6. Name the reagent that is used in Lassaigne's method 
in order to convert the characteristic elements in an organic 
compound into easy detectable forms. 

Ans. Sodium. 

Q. 7. What colour of the flame in Beilstein's test indicates the 
presence of halogen? 

Ans. Green. 

О. 8. ‘Beilstein’s test is more a negative test than a positive 
one'.— Discuss. 

Ans. See the note 6, page 116. 

Q. 9; What colour (or coloured ppt.) is given by nitrogenous 
organic compound when the filtrate from sodium fusion is treated 
with ferric chloride in the usual way? What's this colour (or 
ppt.) due to? 

Ans. Prussian blue colour or ppt. depending on nitrogen 
content. Colour is due to formation of Fe,[Fe(CN),]3. 
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Q. 10. Read Q. 9 and explain with equations the changes 
that occur. 

Ans. During fusion nitrogen of the organic compound 
combines with carbon and sodium to give sodium cyanide: 
Na+C+N=NacCn. 


See also the second paragraph of p. 115 along with the 
equations. 


Q. 11. Give the formula of sodium nitroprusside. What 
colour is given by the filtrate from Sodium fusion of organic 
compound containing sulphur, when it (filtrate) is treated with 
nitroprusside solution? 

‘Ans. sodium nitroprusside is Na»[Fe(CN)5NO]. 

Violet colour. 


О. 12. Iu sodium nitroprusside test for sulphur in organic 
compound a violet colour develops. What's this colour due 
to? Show only by equation the reaction involved in the change. 

Ans. Violet colour is due to formation of Na4[Fe(CN);NOS] 
Equation: Naa[Fe(CN)sNO] +-Na.$=Na,[Fe(CN);NOS] 

Q. 13. In ferric chloride test for nitrogen a blood red colour 
Sometimes develops instead of Prussian blue. What’s this change 
due to? What plausible inference can be drawn from it? 

Ans. The blood red colour is due to formation of thiocya- 
nate, which indicates the presence of both nitrogen and sulphur. 

Q. 14. How will you test for bromine and iodine in the organic 
Sample ? 

Ans. The expts. are carried out with the filtrate from sodium 
fusion of the sample. 

For the rest: See the expts. (iii) & (iv) on pages 112-113. 


Q. 15. State with equations the Teactions that occur in the 
test common to halogens. 

Ans. During fusion halogens, if present, combine with Sodium 
giving sodium halides. The halide thus formed reacts With silver 
nitrate in presence of nitric acid giving the characteristic ppt. of 
silver halide. 

Na+X=NaX, where X—a halogen atom 
NaX--AgNO;—AgX--NaNO; 


О. 16. If either nitrogen or sulphur (or both 


) be present a 
modification of the usual test for halogens with A 


£NO; is essen- 
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tial. What is this modified procedure? What is the purpose of 
this modification 7 1 

Ans. The filtrate from sodium fusion is boiled with an excess 
dil. HNO; so as to reduce the volume to half. It is then cooled 
and treated with AgNO; solution. 

For the rest: See the note 3, page 115. 

О. 17. If either nitrogen or sulphur (ог both) be present 
boiling of the filtrate from sodium fusion with an excess of dil. 
HNO; is essential prior to treatment with AgNO; solution. 

What are the troubles that might occur, if this is not done 
before addition of AgNO; solution? 

Ans. If nitrogen is present a white ppt. of silver cyanide comes 
down, which may be mistaken for a halide even when no halogen 
is present. Besides, a black ppt. of AgS appears, when sulphur 
is present and this black colour may mask the other colours. 

=Q. 18. Is it necessary to add a little caustic soda or caustic 
potash to the filtrate from sodium fusion in order to test with 
nitroprusside for sulphur in an organic compound? 

If so, why so? И not, why not? 

Ans Мо, it is not necessary. 

This test is always carried out in alkaline solution. But the 
excess of sodium left over and/or oxides that might be formed 
during the fusion react with water yielding caustic soda and 
thus make the solution alkaline. 

.. О. 19. What is the functional group of an alcohol? How 
does it differ from that of a phenol? Give examples. 4 

Ans. The functional group of an alcohol is alcoholic hydroxyl. 
Both phenol and alcohol contain hydroxyl group—OH. In 
phenol the hydroxyl group remains directly attached to the 
aromatic ring. And this is known as phenolic hydroxyl. 


© OH CH20H 
| 7 кою (CcHsCH20H)  снзснгон 


phenol benzyl alcohol ethyl alcohol 


Q. 20. What colours are given by phenols, when treated with 
a drop ог two of neutral FeCl; solution? 
. Ans. Any colour other than red and yellow. 
Q. 21. Why is it necessary in a test for phenol to observe 
the effect of ferric chloride solution immediately after adding it?. .. 
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Ans. The colour exhibited by some phenols is very much 
transitory in nature. 

Q. 22. Why the red and yellow colour in ferric chloride test 
for phenol are neglected? 

Ans. Reddish colouration or a ppt. is given by some carboxylic 
acids and yellow colouration is due to FeCl; itself. 


Q. 23. (a) What is *Back dye test? 
(5) Do all phenols respond to this test? 
Ans. (a) See the item A(i). page 126. 
` (b) phenols with ortho- & para-positions blocked do not 
respond to this test. 


Q. 24. (a) Name a class of compounds for which the following 
tests may be tried: 

(i) Phthalein test, (ii) Liebermann’s reaction. 

(6) Does this class of compounds possess any characteristic 
smell? К 

Ans, (а) Phenols. (b) They usually possess a characteristic 
odour known as phenolic odour. 

Q. 25. Which is usually more acidic?.— 

(i) phenols, (ii) carboxylic acid. 

„Апз. Carboxylic acid. 

"0. 26. Describe а simple test for carboxylic group? 

Ans. See expt. (о), page 118. 


Q. 27. Name a reagent, which is usually used in detecting 
а carboxyl (—COOH) group. 

Ans. Sodium bicarbonate. 

‚ Q. 28. What Property of carboxyl group is utilised in bicar- 
bonate test? у 

Ans. Acidic property. 

Q. 29. Does simple ( or ordinary ) phenol ( carbolic acid ) 
react with bicarbonate? Do all the phenols behave like simple 
phenol is this respect? Cite one or two examples in support 
of your answer. 

Ans. Ordinary phenol does not react with bicarbonate. 
Though phenols in general do not usually react with bicarbonate, 
certain types of phenols are there with which perceptible 
reactions occur. Chlorophenols, nitrophenols, for examples, 
give sufficiently strong acid reaction to produce effervescence 
with NaHCO. 
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Q. 30. Which is used for detecting a carboxyl group and 
why? —Ма,СОз, NaHCO;. 

Ans. NaHCO; (and not Ма»СОј) is used for detecting car- 
boxyl group. Because: NaCO; reacts with both carboxylic 
acids and phenols; bicarbonate on the other hand does not usually 
react with phenols but produces effervescence with carboxylic 
acids. Secondly for a given amount of acid larger amount of СО» 
js evolved with bicarbonate. ў 

О. 31. Sodium carbonate though a stronger base than sodium 
bicarbonate is not used for detecting a carboxyl group.—why? 

Ans. Because of stronger basicity it reacts with as weak an 


acid as phenol. 

For the rest : See the ans. to Q. 30. 

Q.32 Ina broad sense both aldehyde and ketone contain 
a common functional group. What is this group? Show by 
writing formulae the difference between aldehydic and ketonic 
functional groups. 

Ans. Carbonyl group >С=0. 

In an aldehyde at least one of the remaining valencies of 
carbonyl carbon is satisfied by a hydrogen atom, where as in a 
ketone both the valencies are satisfied either by alky: or by aryl 
groups (or one by alkyl and another by aryl group). Hence the 
specific functional groups of aldehydes and ketones are: 


О С 
—c¢ (aldehyde), 2С=0 (ketone) 
“н с 


33. What is the reagent generally used in detecting 


Q 
a carbonyl group? | 
Ans. 2 - 4-dinitrophenylhydrazine. 
s 2:4 dinitrophenylhydrazine, а derivative of 


Q. 34, Why i e, а | 
ised instead of phenylhydrazine itself in detect- 


phenylhydrazine t 
inga carbonyl group? 
Ans. Because of comparatively ready crystallisation of the 
compounds formed with 2:4-dinitrophenylhydrazine. 
| О. 35. What distinctive property is utilised in differentiating 
between an aldehyde and a ketone? Name two such reagents, 
which are generally used for the purpose. 
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Ans. Aldehydes possess reducing property while ketones are 
usually devoid of it, they are resistant to oxidation. This diffe- 
rence in property is utilised in differentiating between the two. 

Reagents : Fehling's solution, Tollen's reagent. 

Q. 36. What is Fehling's solution? For what purpose it is 
used in qualitative organic analysis? State the visible change 
that occurs and indicate it by approximate equation. 

Ans. It is a mixture of two solutions: Fehling's no 1 & no. 2: 
The first one contains aqueous solution of Copper sulphate 
containing a few drops of H5SO,. The second one is an alkaline 
(NaOH) solution of sodium potassium tartrate. 

It is used Гог differentiating between an aldehyde and a 
Ketone. A red ppt. of cuprous oxide appears. 

R—CHO+CuQ} — R-COOH-4-Cu;O 
Cujo 

Q. 37. Is there any condition for mixing Fehling’s no. 1 with 

Fehling’s no. 2? If so, state these conditions. 


Ans. Yes, They are to be mixed т equal volumes and just 
before use. 
Q. 38. What is Tollen's reagent? 
Ans. Ammoniacal Silver nitrate. 
For preparation, See page 120, expt. (ii) à 
О. 39. What is Schift’s reagent? What should you expect 
to observe when an aldehyde is allowed to react with this? 


Ans. Schiff's reagent is magenta solution rendered colourless 


by sulphur dioxide. Aldehyde generally restores the charactistic 
magenta colour. 


How it is prepared? 


Q. 40. Name three reagents that are usually used to 
distinguish an aldehyde from a ketone. 


Ans. Schiff’s reagent, Tollen's reagent & Fehling’s solution, 
Q. 41. (a) Write down the formulae of: 
25 4-dinitrophenylhydrazine, semicarbazidc. 


(6) Show only by equations the reaction of each of the above 
reagents with carbonyl compounds. | 


Ans. Seethe notes 4 & 5 оп page 127. 

Q. 42. (a) Which reaction is given by 
aromatic —NH» group? 

—Carby]amine reaction, Diazo-reaction and coupling. 

Ans. Carbylamine reaction. 


both aliphatic ана 
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О. 42 (b) Which reaction is charcteristic of ап aromatic—N Но 
group? —Carbylamine reaction, Diazo-reaction. 
Ans. Diazo-reaction. 


Q. 43. What is carbylamine reaction? What’s this charac- 
teristic obnoxious odour due to? Show only by equation the 
changes taking place. 

Ans. The action of ethanolic alkali and chloroform on —NH) 
group is called carbylamine reaction. The obnoxious odour 
is due to formation of isocyanide. 

For equation : See the note 10, page 128. 

Q. 44. Show with a specific example by equations only the 
reactions occurring in Diazo-reaction and coupling. 

Ans. See the note 11, pages 128-129. 

О. 45. Name a test by which —NO» group can be detected 
even in presence of a —NH» group. 

Ans. Mulliken and Barker. 


Q. 46. In Mulliken-Barker test a black or grey ppt. appears. 
What's this ppt. due to? Explain how this substance is formed 


here. 
Ans. The ppt. is due to formation of metallic silver. 
. For the rest : See the note 12, page 129 
Q. 47. Give the formula of amido group. How will you test 
for an amido group? | и 
Ans. Formula of amido group 15 —CONH), Amide on 
heating with caustic soda gives off ammonia, which is recognised 
by its characteristic pungent odour [see the observation of expt. 


(d), page 123]. 


Q. 48. How d | 
је behaviour towards alkali? — 
Ans. In case of an amide ammonia 15 evolved only on heating 


alone. 

Q. 49. What will you observe ?— 

(i) When NaHCO; is sprinkled on an aqueous solution of 
aniline hydrochloride, (ii) An amide is simply mixed with NaOH 
solution, (iii) A pale coloured nitro compounds is heated with 


NaOH solution. : 
“Ans. (i) Effervescence occurs, (ii) Мо change, (iii) Colour 


oes an amide differ from ammonium salts 


deepens. 
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Q. 50. How will you test for nitro group in absence of —NH- 
group? j 

Ans. See the expt. (h), page 125. 

Q. 51. (i) What happens to а— МО› group, when a com- 
pound containing such a group is boiled with metallic tin and. 
сопс. НСІ.? 

(ii) What happens when a portion of the Supernatant liquid 


from the above process is cooled and treated with a cold aqueous 
solution of sodium nitrite? 


(iti) What should you expect to observe when a portion of the 
Supernatant liquid from process is made alkaline with Strong 
alcoholic KOH and then warmed with a few drops of chloroform? 

Ans. (i) — МО) group is reduced to —NHbz group. (ii) —NH, 
group gets converted into — №СІ group, (iii) A characteristic 
obnoxious odour evolves, 

Q. 52. Should you consider effervescence with NaHCO; 
as a sufficient proof for the presence of a —СООН group? 

à И so why so? ТЕ not why not? In the latter case what addi- 

tional test should be performed before reporting its presence? , 
Ans. No. For reasons: see the note 3, page 127. 
‘Esterification’ test (cf. Page 126) should be performed. 


О. 53. What type of substances produce colouration itl: 
FeCl; in ferric hydroxamate test? Show by equation only the 
formation of such compounds. 


Ans. Hydroxamic acids. For equation : See the note 6. 
page 127. 


3. Quantitative analysis 


Q. 1. What is meant by normality of a solution ? 


Ans. Normality is the number of gm. equivalents of a solute. 
present in one litre of its solution. 


Q. 2. Calculate the equivalent weight of oxalic acid. 
Ans. Oxalic acid is (СООН);-2Н5О. Hence mol, wt=126, 


A dibasic acid, Eq. wt.—4 Мо! мі. Eq. wt. = he) = 63. 


'Q. 3. How much oxalic acid is to be weighed out in order 
to prepare 250 ml. of 0-1(N) solution of it? 


Ans. See the Ist. paragraph under the item ‘Standard Soin. 
of oxalic acid’, page 215. 
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“Q. 4. Fill up the blanks: 
(а) 1ml. (М) HCl. = —ml. (№ NaOH 
= — мі (N) H5S0,; 
= —ml. (№ NaCO; 
(b) 1 m. (N) НСІ = —gm. NaOH 
А = —gm. Na5CO; 
: = —gm. NaHCO;. 
(c) 5 ml. —NaOH = Sml. 0.1(N) 50, = —ml.(N) #5504. 
Ans. (а) 1, 1, 1; (b) 0:04; 0:053, 0:084: (c) 0-1(N), 0:5. 
‚ ©. 5. Which is invariant: 
Eq. wt., Mol. wt.? 
| ‚ Ans. Mol. wt. 

Q. 6. (a) Calculate the equivalent weight of KMnO, for 
oxidation-reduction reaction in (7) acid medium, (ii) neutral 
medium, (iii) alkaline medium. 

Ans. (i) Partial ionic equation for reduction of KMnO; 
in-acid medium : мМпог--8Н+--5е=Ми?*--4Н2О 

Eq. wt.--4 KMnO, = 158/5==31:6 
(ту While in neutral medium the ionic equation is 
" — MnO,-L2H50--3e = MnO, +40H- 
} Mol. wt.=158/3=52.66 


' » Баги 

(iii) In alkaline medium, 

MnO,--e-MnO4 ^ 
Eq. wt=mol. wt. 
| Q. 6. (b) What is an indicator? Name an acid-base indicator 
| stating the colour it exhibits in acid and alkaline medium. 

Ans. An indicator is a chemical substance, which can indicate 
the termination of а chemical reaction. Methyl orange is an 
acid-base indicator, it is pink in acid and yellow in alkali. 

Q. 7. Calculate the equivalent wt. of KsCr20, as an oxidising 
agent. ; 

"Ans. Partial ionic 
Cr0, + 149++6 
е, equivalent weight=1/6 М 


equation for reduction of dichromate: 


e—2Cr^^4-1H30 

294:21 
Henc ol. = — 49:035. 
the amount of sodium oxalate necessary 


оо. 8. Calculate d 
250 ml. of 0-1(N) solution of it. 


in order to prepare 
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Ans. See the Ist & 2nd paragraphs under the topic named 
"preparation of N/10 sodium oxalate solution', page 229. 
Q. 9. (a) Give the formulae of: 


(i) Potassium dichromate, (ii) Potassium permanganate & 
(iii) Mohrs salt. 


(b) Calculate the mol. wt. of Mohr’s salt and indicate its 
difference, if there be any, with its eq. wt. 

Ans. (а) (i) K3Cr;O,, (i) КМпо,. 

(iii) FeSO, (NH4)5SO,.6H;0. 

(5) Mol. \1—56--32--64--18х2--39--64--108 — 392. Since 
one ferrous ion per molecule of the salt is oxidised to ferric 
State by loss of one electron, there is no difference between the 
two : Ее++—е = Fet, 

Q. 10. Pick out the substances that may be used as primary 
Standard: = 


(i) Caustic вода, (ii) KMnO4, (iii) К>Сг›О., (iv) H3SO4, 
(v) Sodium oxalate. 

Ans. K3Cr20;, Sodium oxalate. 

Q. 11. Give the equation for the oxidation of oxalic acid 
by acid permanganate. 

Ans. See the clause (iii) under the item N.B. on page 232. 


О. 12. What is Zimmermann-Reinhardt solution? 

Ans. Maganous sulphate solution containing sulphuric and 
Phosphoric acids, 

О. 13. (а) Show only by equation the reduction of ferric 
chloride to ferrous chloride. 

(5) What should be the acid concentration of the medium 
50 as to have the above conversion 2 quantitative one? 

Ans. See the ‘principle’ described on page 234. 


Q. 14. How would you know that in an experiment for 
estimation of iron the Stannous chloride added is just Sufficient 
to reduce the entire amount of ferric ion to ferrous lon? 

Ans. Appearance of a silky white ppt. on addition of mercuric 
chloride is indicative of this point. 

Q. 15. Why should you use Reinhardt in the determination 
of iron of a given ferric iron solution with permanganate ? 

Ans. To prevent oxidation of Cl’ ion to Ch by MnO, 55. 


SAMPLE QUESTIONS FOR VIVA VOCE 317 


Р О. 16. Read the О. 15 and explain the function of phosphoric 
acid in the above experiment. 

Ans. It removes ferric ion in the form of colourless complex 
[Fe(HPO4)]* ion. As a result: 

(i) redox potential of Fett+/Fe** system is reduced and 
reducing power of Fe** is increased thereby; 

(ii) secondly the yellow coloured Fe^* ions being removed 
the end point is rendered more clearly visible; 

(iii) moreover the Mn(IID)—Mn(H) potential is lowered 
Jargely by phosphoric acid. 

Q. 17. Fill up the gaps: 

(i) 1 ml. of (N) KMnO; soln. ——g. of Fe. 

(ii) —g. of iron —0.392 в. of Mohr's salt. 

Ans. (i) 0:056, (ii) 0:056. 

Q. 18. Why is it that the decolourisation of permanganate 
is slow in the beginning in the standardisation of permanganate 
against oxalic acid? \ 

Ans. Oxidation of ‘oxalic acid by KMnO; is catalysed by 
Mn#? ions. Because of the lack of these ions the reaction is slow 
in the beginning. 

О. 19. Is it necessary t 
iron of a given ferric iron so 

Ans. No. 

‚О. 20. See the answer to 
tion for the same. 

Ans. The redox pot 
is one and the same. 
unless the medium is | 
to hydrochloric acid. 

О. 21. (а) Which is the stronger 

K,Cr,0, ог KMnO; (in acid medium). 

` Ans. KMnOg. 


Q. 21. (b) In pre 
not be titrated as SU 
with dichromate. Why? 

Ans. See ans to О. 20. an 


Hence, СГ ion is n : 2 
ditions and ferrous 10n solution can, therefor-**- 


o use Reinhardt in the estimation of 
lution by dichromate? 


Q. 19 and put forward an explana- 


ential of both Cr;07'/Cr^** and Cl;/2Cl- 
Dichromate does not oxidise С!” ions 
heated and is more than 2(N) with respect 


as oxidising agent? 


sence of chloride ions the ferrous iron can 
ch with permanganate but can be titrated 


d add the following: 


mental con 


ot oxidised by Cr;O;" under the experi- — 
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titrated as such with dichromate. But permanganate being much 
Stronger an oxidising agent than dichromate oxidises chloride 
‘to chlorine. Fe?* is oxidised to higher unstable oxidation states 
(IV & V), which probably oxidise CI- ions, and Fe, therefore, 
acts as a catalyst in the oxidation of СЕ by МпоО.-. Hence 
the solution can not be titrated as such with permanganate, 

Q. 22. Describe in an outline form the principle underlying 
the method of determination of iron of a given ferric iron solu- 
tion with KMnO, or K35Cr350, solution, 

Ans. See the principle on page 234. Replace 'KMnO, by 
‘KMnO; or K3Cr;0;. 

Q. 23. Why is it that a brown turbidity sometimes appears 
during the course of titration with KMn0,? (Agra 54, Кај '65) 


Ап. Absence of sufficient mineral acid leads to formation of 
hydrated manganese oxide. 


Q. 24. Balance by ion clectron 


method the equation for the 
reaction involved in each of the fo. 


llowing processes: 
(acid) permanganate, 
Gi) Titration of ferrous iron by (acid) dichromate, 
Ans. (i) (а) Ferrous ion is oxidised to ferric ion: 
Feite = Fen 
(b) Permanganate is reduced to Mn+ ion: 
MnO,-+-8H*+-5e = Mnt +4H,0 
Since electron lost=electron gained, e 
SFet+— 5е=5Ее+++ 
Adding this resultant to the e 
complete ionic equation is obtained: 
POE арон аа 
(ii) Dichromate, while oxidising ferrous to ferric is reduced 
to Cre: C07 -=+ 14H*-F6e—2Cr- 18,0 
Now eqn. (i) (a) is multi 
eqn, (ii)]: 
**Сг›Оу——--6Ее++-!- 14H =6Fet++4 3Cr 
Q. 25. Read the equations in ans. to Q. 2 
the amount of iron equivalent to: 
(а) 1 ml. of (N) КМпо, 
©) 1 ml. of (N) K,Cr0, 


(i) Titration of ferrous iron by 


qn. (a) is mutiplied by 5 


quation (5) the following 


plied by 6 ang added to this [i.e. 


+790 | 
4 and calculate 
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Ans. (а) From the * marked equation 
1MnO,-25Fe:* or, 1/5 of MnO,-=1Fe+*=5S6 gms. 
Eq. wt. of KMnO, (acid medium) — meus 
1000 ml. (N) KMnO,=56g. of iron 
1 ml. % =0.056 Я 
(b) From ** marked equation 
1 CrO; = 6Fe** ог $ of Cr;0; =1Ее*+=56 gms. 
Eq. wt. of K3Cr20; тезу wi 
1000 ml. of (N) K2Cr20; = 56g. of iron. 
1 ml. dh = 0.056 ,, 

О. 26. Calculate from the general concept of equivalence the 
amount of iron equivalent to: 

(i) 1 ml. of 0-1(N) KMnO; (in the determination of iron by 
KMnOj) 

(i) 1 ml. of 0.1(N) K3Cr50; (in the determination of iron 
Бу K3Cr207) 

Ans. (i) 1 gm-equivalent of KMnO,=1 gm-equivalent of Fe** 

2, 1000 ml. of (№) KMnO,4-—1 gm-atom of Fe—56 gms. of Fe 
{Since transfer of one electron takes place in the conversion of 
Fett— Fett] 

^. D ml, of (№ KMn04=0.056 gm. of Fe 

or, 1 ml. of 0.1(N) КМпО.=0.0056 gm. of Fe 

(i) 1 gm.-equivalent of K,Cr20;=1gm. equivalent of Fe 

.. 1000 ml. of (N) K,Cr,07=56 gms. of Fe 

or 1 ml. of 0.1(N) K5Cr;07—0.0056 gm. of Fe. 

Q. 27. In permanganometric estimation of calcium calculate 
with the help of general concept of equivalence what amount of 
calcium is equivalent to 1 ml. of 0 1(N) KMnO4. 

Ans. 

1 gm-equivalent of KMnOy=1 gm-equivalent of oxalic acid 
=1 gm-equivalent of СаСО; =} gm-molecule of CaC;O, 

=} gm-atom of Са 
—20 gms. of Ca 
1000 ml. (№) KMnO,-«20 gms of Са 
1 ml. of 0-1(N)KMnO,4-0.002g. of Ca. 
Q. 28. Arrange the following in order of their increasing 


„oxidising power: КСО», I2, KMnO, P 


Ans. Бр K3Cr20; «KMnO,. permanganate is the 
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Q. 29. What is the formula of sodium thiosulphate? Can it 
be used asa primary standard? If 50, why so and if not, why not? 
Ans. See the Ist Paragraph of the topic named ‘Preparation of 


standard solution of sodium thiosulphate’, page 241. 


Q. 30. Write the equation for the reaction between thiosul- 
phate and iodine and hence show the relationship between the 
mol. wt. and the equivalent wt. of thiosulphate. 


Ans. See the 2nd. paragraph of the topic named ‘preparation 
of standard Solution of sodium thiosulphate' page 241. 


Q. 31. Write the partial ionic equation for oxidation of sodiu- 
um thiosulphate to tetrathionate and hence calculate its eq. wt. 

Ans. 25,0)" —2е — 5,06" 

Mol. wt. of М№аз5,03.5Н,0 = 4664-48-90 — 248 


Since two molecules lose two electrons, the equivalent wt. 
of thiosulphate is its mol. wt. 


О. 32. Calculate the amount of K5Cr50; equivalent to 1 ml. 
of 0:1(№) thiosulphate in iodometric determination. 
Ans. 1 gm-equivalent of thiosulphate 
=| gm-equivalent of KCrO; 
or 1000 ml.(N)Na5850; Solution 49g. of K5Cr;0; 
1 ml. 0.1(N) 9 =0.0049 р. 


» 
О. 33. Establish the quantitative relationshi 
iodometric estimation of Copper among the follo 


Си++, 1, and sodium thiosulphate. 

Hence calculate what 

of 0-10) thiosulphate, 
Ans. The reaction between cupric salt and iodide: 

2Cut++4)’ = CugI5+15 
Todine thus liberated oxidises thiosulphate to 
2507 +ђ = 5406"--27' 
From the two above reactions we can write 


P involved in 
wing: 


amount of copper is equivalent to 1 ml. 


tetrathionate: 


2 Си++ = р = 250 
ог, Си = И, = 50," 
ог. 1000 ml. of(N) thiosulphate — 


63:57 g. of copper 
“. V ml. of OIN) 


» 50.006357 
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О. 34. Why is ammonium thiocyanate а 
tric estimation of copper with sodium thiosulphate? 

Ans. See the item no. 4 on page 246. 

Q. 35. Why in iodometric estimation the presence of aa 
excess of iodide is а must? 

Ans. To complete the reduction of whole amount of oxidant 
iodide must be in excess. Besides, the liberation of iodine from 
iodide by the oxidant is facilitated, and the volatility of iodine 
is decreased considerably through the formation of tri-iodide 
ion and liberated iodine can thus be retained in soln. So during 
subsequent titration with 550" sharp end point can be obtained. 

Q. 36. Why is iodometric titration conducted in the cold? 

Ans. To minimise the loss of iodine through volatilisation. 
Titration should be conducted also in the cold because the 
sensitivity of starch as indicator decreases with the rise of 


temperature. 
Q. 37. Which of the following vessels is used in iodometric 
estimation and why: Opern beaker, conical flask ? 
Ans. Conical flask; to prevent as far as practicable the loss 


of iodine through volatilisation. 

Q. 38. What is the maximum pH at which iodometric titra- 
tion, if necessary may be conducted? What happens if pH of 
the medium exceeds this value? 

Ans. In no case the solution pH should exceed 9. At lower 


acidities i.e. above pH 9 iodine reacts with hydroxide ions in 
accordance with the equation: 
I, +}20H- = I---10- + НО 


odite oxidation of thiosulphate partially to sulphate 


With hypoi 
occurs : $,03" + 410-+ 20H-=2S0," 4T +H:0 
The greater the ОН- ion concentration, the more thiosulphate 


is oxidised into sulphate. Because of this side reaction сајсша- 
tion of analyticl result becomes an impossible one. 

Q. 39. How may the possible errors in iodometric estimation 
due to aerial oxidation of iodide be eliminated or reduced? 

Ans. In neutral medium the extent of aerial oxidation of 
jodide is negligible and can be ignored. In acid medium te 
solution should not be left over for a period longer than E 
prior to titration of iodine. If and when prolonged standing is 
necessary, a little of pure NaHCO; is added to the acid solution. 


А.С,—21 
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А stream of carbon dioxide displaces air from inside, maintains 
an atmosphere of its own within the reaction vessel and this pre- 
vents the iodide from being oxidised by air. 


Q. 40. When should you add starch indicator in titrating 
iodine with thiosulphate? Put forward a plausible explanation 
for your answer, 

Ans. Starch should be added as close to the end point as 
possible, i.e., when the concentration of iodine is very small. 
Tf, on the other hand, starch be added much ahead of the end 
point, 1.е., when the iodine concentration is high, some amount 
of iodine may remain adsorbed even when the requisite volume of 


thiosulphate has been added. This will evidently lead to high 
result. 


Q. 41. Why does a solution of starch in water deteriorate 
rapidly on storage? 


Ans. Starch solution is a very good nutrient medium for 
microorganisms and hence undergoes rapid deterioration, 

О. 42. (а) How would you kn 
has undergone deterioration? 

Ans. To a drop of N/50 iodine s 
water 2 ml. starch solution is added. 
lour indicates that the solution is all 
the ‘colour is not blue but brown 


Solution is unsuitable as indicator, 
tion. 


ow that a given starch solution 


olution contained in 50 ml. 
—Development of blue со- 
right. If, on the other hand, 
Or violet, the given starch 
it has undergone deteriora- 


Q. 42. (b) What is iodometry and what is iodinietry ? 


Ans, It is a branch of volumetric analysis and it deals with the 
use of iodine involving the interconversion of elemental iodine 
and'iodide ions: I,+2e = 2I-. Iodometry covers titrations of 
iodine liberated in chemical reactions, while iodimetry is 
concerned with titrations with a standard solution of iodine, 


CuSO,+-KI against 820;"—Iodometry 
Standard I, solution against $50," 
'Q. 43. How may the keeping 
improved? 
_Ans. Addition of a few milligrams of Нађ to starch-potassi- 
um iodide solution makes the solution more Stable. Addition 


ког 5 mg. of mercuric iodide, for example, to 100 mi. of 1% 
solution will preserve it,for several months. 


—lodimetry, 


quality of starch Solution be 
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Q. 44. What arc the reasons for the instability of thiosul- 


‘phate solution? 
Ans. (i) Carbonic acid present in ordinary distilled water 
may react slowly with thiosulphate with the liberation of sulphur. 
(ii) Some micro-organisms may cause decomposition of 
thiosulphate. Besides, exposure to light hastens the decom- 


position of thiosulphate. 
Q. 45. Read the answer to О. 44. State and explain the 
effect of each on the strength of thiosulphate solution. 
Ans. Thiosulphate reacts slowly with dissolved carbonic acid 
as follows: 5203 + H*—HSO;-- S 
S,0; reacts with onc atom of iodine, while HSO;* 
with two atoms of iodine. The equivalent wt. of thiosulphate 
is its molecular weight while that of bisulphite is half of its mole- 
cular weight. One HSO;' ion is produced from one S203”. Hence 


the strength (normality) of thiosulphate solution. prepared in 
water containing carbon dioxide increases as the reaction 


proceeds. 
For reasons outlined u 
strength of thiosulphate solution tends to decrease. 


. 46. What should you propose to do in order to avert the 
phate with carbonic acid? 

f thiosulphate is to be prepared in freshly 
Besides, addition of 0.18. of NaCO; 
tion will prove beneficial. 


nder item (ři) in ans. to Q. 44. the 


reaction of thiosul 
Ans. Solution © 
boiled distilled water. 
or borax per litre of the solu 
О. 47. @ How may the bacterial action upon thiosulphate 
Ђе prevented ? (b) Why is thiosulphate solution stored in amber- 
coloured bottle ? 
Ans. (а) 3 drops of chloroform or 10 mg. of mercuric iodi 
per litre of the solution may be added to prevent the decomp? 
tion of thiosulphate by microorganism. 
p) То avoid the action of light, which hastens th 
tion of thiosulphate. Oe 
_ ©. 48. Explain the role played by sodium caxbónatácin dni 
proviag the keeping quality of sodium thiosulphate sdlutions (5) 
Ans. Sodium carbonate provides СО;-.Оіойв, hwhich dombin? 


wth H+ ions of carbonic acid and shus, prexents the, latter drom 
orgover, the, ЯНУ, pf 100707 


reacting with DNE. Догес 
eii at pH 2-10: the pre sodium, carbo 


de 
si- 


e decomposl- 


organism ib the least, 21 15155 ec Di JO ars 
nate in amounts, not exceeding 0-fgm/litre, 15 beneficial. 


OOOO O O tO 
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Q. 49. What are to be done in order to improve the keeping 
qualities of thiosulphate solution? : , 

Ans. (i) Solution of thiosulphate is prepared in freshly boiled 

distilled water (i.e. water free from carbon dioxide as far. as 
-possible). 

(ii) 0.1 g. sodium carbonate & 3 drops of chloroform or 10 mg. 
of mercuric iodide (per litre of the Solution) are added. 

(iii) The solution is finally stored in amber-coloured bottle 
and preferably in the dark. 

Q. 50. What is the function of bifluoride in the estimation 
of copper in brass? Is it a must in the determination of copper in 
copper wire? If so, why so and if not, why not? 

Ans. Iron in brass is present in the solution made as ferric 
lons, which are Suppressed by bifluoride as complex [FeF,]:-. 
If this is not done, ferric ions under the condition of the expt. wili 
oxidise iodide to iodine: 2Fe++++-21- —, 2EettLL,. Thus the 
expt. will be vitiated. Moreover, МЕНЕ maintains the 
Correct pH for iodometric estimation of copper, 

f In case of Copper wire the use of bifluoride is not essential, 
Since no iron is present. Glacial acetic acid may be used instead 
of bifluoride, 


О. 51. 


functional 


Q. 53. In the estimation of glucose by Fehling— 
(4) reaction of what functional group of glucose is utilised? 
(b) what is the active Species in Fehling? б 


(c) state the ultimate fate of each species in the reaction, 


Ans. (а) aldehyde stoup, (b) Си++ ion, a small concentra- 
tion of which is furnished by copper tartarate complex, 
(c) aldehyde group is converted into —COO- and the Cut js 
reduced to red Cu,0. 

Q. 54. What is formalin? 


Ans. А solution of formald 


еһуде containing 40% för- 
maldehyde, 8% methanol and 52 % water is known as formalin. 
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©. 55. In the determination of formaldehyde in formalin 

which of the following is believed to be the real oxidant, that 
oxidises formaldehyde to formic acid: 
15, NaOH, OI’ 7 

Ans. ОГ 3 

О. 56. State and explain the part played by caustic soda in 


the expt. named ‘estimation of formaldehyde’. 
Ans. Under the experimental conditions iodine and caustic 


soda reacts with the formation of iodide and hypoiodite: 
I5--2NaOH = NaI-- NaOIT-H;0 

A part of hypoiodite is utilised in oxidising formaldehyde 
to formic acid: СНО- ог =HCOOH+1" 

Caustic soda being in excess converts the formic acid into 
sodium formate: HCOOH-+NaOH=HCOONa+H20. 

О. 57. State with equation the reaction, that leads to the 
liberation of iodine in the expt. named ‘estimation of formalde- 
hyde’. 

` "Апз. In acid medium hypoiodite oxidises iodide to iodine: .. 
Ol'-++1'+-2H* > 1,+H20. . 

Q. 58. Read the answer to Q. 57 and point out the sources 
of this iodide. 

Ans. Two sources are there: (i) reaction between iodine 
and alkali (see the first paragraph of the ans. to 0. 56). 
(ii) oxidation of formaldehyde to formic acid (see the second 
paragraph of the ans. to Q. 56). 

Q. 59. What is the formula of potassium bromate? 


Ans. KBrO3 
: ©. 60. Calculate the equivalent weight of potassium bromate 


as an oxidising agent. 
. Ans. Potassium bromate reacts with potassium bromide in 


acid medium in accordance with the equation. ne 
BrO;-+-5Br ---6H* = 3Br.+-3H,0 
«Equivalent weight of KBrO; here is, therefore, 4th of Mol. wt. 
Molecular weight of КВгО;=39.1--79.92--48 —167.02 
Jigs SEG Ми 7s =167.02/6 = 27.8367 
О. 61. What amount of KBrO; is to be weighed out in order 
to prepare a 250 ml. solution of 0-1(N) order? 8 
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Ans. Equivalent weight of КВгОз is 27.8367. (cf О: 60) 
Hence, 250 ml. of a 0.1(N) solution should contain (2.7836[47g. 
—0.6959g. in 


Q. 62. Deduce the quantitative relationship that exists among 
aniline, bromine, iodine and thiosulphate in the experiment 
named ‘determination of aniline by bromination'. 

Ans. See the “theory” on page 261. 

Q. 63. What is the mol. wt. of aniline? 
aniline are equivalent to 1 ml. of 0.1(N) thio: 

Ans. Mol. formula of aniline is CsHsNHp and hence its mol. 


wt. is 93.12. 1 ml. of 0.1(N) thiosulphate is equivalent to 0.001555. 
of aniline [See the theory on page 261. ] 


How many gms. of 
sulphate ? Я 


О. 64. How many molecules of thiosulphate are equivalent 
to one molecule of aniline? RT 
Ans. 1CcH5NH5— 6Na58,0,. (See the theory on page 261.) 
Q. 65. What 
iodometrically ? 
Ans. The reaction betwe. 
tive. Aniline on reaction 

2/4, 6-tribromoaniline. 
NH; NH2 n 


Property of aniline is utilised in determining it 


en aniline and bromine is quantita- 
with bromine gives a precipitate of 


+ зв. = + знвг“ 


Жа Вг 

aniline 24,6-tribromoaniline 
This is the Property, which is utilised in estimating .aniline. 
Q. 66. What is the functional group in aniline? Does the 


functional group get involved directly in the reactions Concerning. 
the estimation of aniline? 


Ans. Primary amino (—NH,) group. 


The functional group does not take 


part directly in the reac- 
tions concerned. 


О. 67. What is the source of bromine 
bromination of aniline in determining t 
necessary equation. 


› that is utilised for 
he latter? Give the 
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Ans. The reaction between bromate and bromide in an acid 
medium leads to the liberation of bromine, which in turn. bro- 
minates aniline. ^ 

KBrO;--5K Br--6HCI —3Br»-- 6KCI--3H50 

Q. 68. State with equation the reaction, that leads to the 
liberation of iodine in the experiment named ‘determination of 
aniline’. 

Ans. Bromine liberates iodine from potassium iodide: 

Bro+2KI = 1,4-2КВг 


4. Organic Preparations i 

Q. 1. What is iodoform? To what class of organic 
compound does it belong? К 

Ans. Tri-iodomethane CHI}. А halogen derivative of hydro- 
carbon. 

Q. 2. Name the organic substances from which iodoform 
is usually prepared in the laboratory. What is the name of the 
reaction involved in this preparation? 


Ans. Ethyl alcohol or acetone 
Haloform reaction. 


О. 3. Is the haloform reaction restricted to ethyl alcohol 


and acetone? Does methyl alcohol respond to this test? 


Ans. No. 
No. 

Q. 4. What type of compounds exhibit haloform reaction? 

Ans. Any compound containing —COCH; group linked 
to a carbon or hydrogen, or compounds which under the experi- 
mental conditions are oxidisable to a substance containing this 
group exhibit the reaction. 

О. 5. What is the formula of acetanilide? To what class 
of organic compound does it belong? i 

Ans. CSHsSNHCOCH,, anilide 

Q. 6. What is an anilide? Name an anilide with which you 


are familiar. 
Ans. N-phenyl derivative of the amide of any acid is termed 
an anilide. Acetanilide CsH;NHCOCH; is a familiar anilide. 


. 
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Q. 7. What is acylation? Illustrate with an example by 
giving equation only. 

Ans. Introduction of any acyl group into atomic groupings 
containing active hydrogen resulting in the replacement of latter 
atoms in part or whole by the acyl group is known as acylation. 

- Co HsNH т (CH3CO);—CS;HSNHCOCH;--CH4COOH 
acetanilide 
Q. 8. Give the formula of phthalimide and say what type of 
compound it is. 


со. 
Ans. C HQ SNH, it is a cyclic imide. 

CO 
Q. 9. How many acyl groups are there in phthalimide? 
Ans. Two 


Q. 10. Are the two terms ‘acylation’ and ‘acetylation’ synony- 
mous? 
Ans. No. 


Q. 11. What happens, when phenol is treated with aqueous 
bromine? 


Ans. Phenol forms 2, 4, 6-tribromophenol, which gets preci- 


pitated. 
OH 
Br Br 
+ 38;  ———— + 3HBr 


enol „ Br 
ph 2,4,6- tribromophenol 

Q. 12. What is the product of halogenation of phenol by 
bromine, when CS; is used as a solvent? 

Ans. Monohalogeno compound p-bromophenol is obtained. 
CsHsOH + Br; —>BrC6H40H (p)+ HBr 
phenol -bromophenol ` 

Q. 13. How can the phenol be separated from a carboxylic 

cid? 

Ans. The mixture is treated with sodium hydroxide tiil it 
reacts alkaline. Carbon dioxide is then passed through the solu- 
tion, when sodium phenoxide gets decomposed and phenol 
is liberated, but the salt of carboxylic acid remains unchanged 
in ‘solution. 


он 
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О. 14. Which carries a specific sense and which a broad one: 
acylation, acetylation? 


Explain your answer. 
Ans. Acylation conveys a broad sense, while acetylation 


3 specific one. 

For acylation see the ans. to Q. 7. When the group intro- 
duced is acetyl group (CH; CO—), the general name ‘acylation’ is 
replaced by ‘acetylation’. 

Q. 15. (a) Pick out the reaction by which tri-iodomethane is 
prepared: 

- Acetylation, Acylation, Haloform reaction. 

(5) Рек out the compound, which can be prepared by 
acetylation. 

Phthalimide, Acetanilide, lodoform 


(c) Which is prepared from a cyclic anhydride: 
phthalimide, iodoform? 


: Ans. (а) Haloform reaction, (b) Acetanilide, (c) phthalimide. 


APPENDIX 


l. Atomic Weights of More Familiar Elements 


Atomic| Name with Atomic | Atomic Name with Atomic 
number Symbol weight | number Symbol weight 

13 | Aluminium 4/| 2698 | 82 | Lead Ph 20721 
51 Antimony 56 121-8 3 Lithium Li 6:94 
33- | Arsenic As 74:9 12 | Magnesium Ме 24-32 
56 Barium Ba 137-37 25 Manganese Mn 54-93 
83 Bismuth Bi 209-00 80 Mercury Hg 200:61 

5 Boron В 10:82 42 Molybdenum Mo 96:00 

35 | Bromine Br 79-92 28 | Nickel Ni 58-69 
48 | Cadmium Cd | 112-41 7 | Nitrogen N | Met 
20 | Calcium Ca 40-08 8 |OxygenO 16:00 

` 6: | Carbon C 12:01 15 | Phosphorus P 3102 
17 Chlorine C/ 35:46 78 | Platinum Pr 195-23 
24 Chromium Cr 52-01 19 | Potassium К 39-10 
27 Cobalt Со 58:94 14 Silicon 57 28:06 
29 | Copper Cu 63:60 | 47 | Silver Ag 107-88 

9 Fluorine F 19:00 11 Sodium Na 23:00 

79 Gold ди 197-20 38 | Strontium Sr 87°63 
1 | Hydrogen H 1008 | 16 | Sulphur $ 3207 

53 Todine Г 126:92 50 Tin Sn 118.70 
26 | Iron Fe 5584 | 30 | ZincZn 65:38 


ны si der CONG 


2. REAGENTS 


А. Some Common Acids 


Concentrated Acids 


Dilute Acids 


Sp. Approxi- Preparation of Approxi- 
Мате gravity mate dil. acid mate 
normality from conc. one normality 
Acetic acid, 1:05 17N Dilute with water 285 ml. 5N 
glacial à of conc. acid to 1 litre. 
Hydrochloric 1:19 12N Dilute with water 430 ml, 5N 
acid of conc. acid to 1 litre. 
Nitric acid 1:42 16N Dilute about 310 ml. оѓ! 5N 
conc. acid with water 
to 1 litre. 
Sulphuric acid | 1:84 36N Add about 140 ml, of 5N 
| conc. acid slowly and 
| very cautiously to about 
| ml. of water with 
| Constant stirring, cool 
| and make up the volume 
to 1 litre with water. 


ШД ОБ 


REAGENTS 


B. Some Common Bases 
E _________————— 


Name of the reagent 


331 


Approxi- 
mate 
normality 


ammonium hydroxide solution, concentrated 


Name of the reagent 


— 


Method of making the solution 


15N 


Dilute ammonium 
hydroxide solution 


Sodium hydroxide 


solution 


Potassium hydroxide 
solution 


Barium hydroxide 


Calcium 
solution 


hydroxide 


Dilute with water 335 ml. 
of the conc. solution to 
one litre. 


Dissolve by shaking 220 
gms. of pellets or ordinary 
pure sticks of NaOH in 
water and make up the 
volume to one litre with 
water. 


Dissolve by shaking 310 
gms. of pellets or ordinary 
pure sticks of KOH in 
water and make up the 
volume to one litre with 
water. 


Mix about 70 gms. of crys- 
tallised barium hydroxide 
Ba(OH); 8H;O with one 
litre water, shake well, 
filter and protect, as far as 
practicable, from  atmos- 
pheric СО». 


Mix about 3 gms. of cal- 
cium hydroxide with one 
litre water, shake well, 
filter and protect, as far 
as practicable from atoms- 
pheric CO). 


5N 


5SN 


5N 


04N 


004 


и 
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C. Some Salt Solutions 


“ТЕ ү = К не зе 


Mole- | Grams Nor- 
Name Formula cular |in one mality 
weight | litre (approx.) 

Ammonium acetate CH3COONH, 77 231 3N 
Ammonium chloride МНС! 53:5 | 270 | sN ^ 
Ammonium oxalate (NH4)2C04,H20 142 35 OSN 
Ammonium sulphate (МН:)250. 132 132 2N 
Barium chloride BaCl2H;O 244 61 OSN 
Cadmium chloride CdCl»2H;O 219-4 55 0:5N 
Calcium chloride CaCl;,6H;O0 219 55 OSN 
Cobalt nitrate Co(NO3)2.6H20 291 44 0:3N 
Ferric chloride* FeCl56H;0 270 135 OSN 
Lead acetate Pb(CH3COO)>,3H20 | 379 95 0:53 
Lead nitrate Pb(NO3). 331 165 IN 
Mercuric chloride Несі 272 27 02N 
Potassium chromate K2CrO, 194 49 | OSN 
Potassium dichromate K2Cr207 294 49 | OIN 
Potassium ferricyanide K5Fe(CN); 329 55 OSN 
Potassium ferrocyanide K4Fe(CN)¢.3H20 422 53 0:54 
Potassium permanganate KMnO, 158 32| ~IN 
Silver nitrate AgNO; 170 17 OIN 
Sodium acetate Na(CH3COO),3H20 | 136 408 ЗМ... 
Di-sodium hydrogen- МазНРО. 12650 358 120 INA. 
phosphate E 


Ammonium Carbonate: Dissolve 160 gms. of the salt in one 


litre water containing 140 ml. of conc. ammonium hydroxide | 4N 
solution. 


D. Other Reagents 


1. Ammonium molybdate (NH4)s5Mo070>,,4H50 


Dissolve 50 gms. of the salt in a mixture of 70 ml, of conc. 
ammonia solution and 140 ml. water. When the Substance 
has fully dissolved, add this solution very slowly and with 
vigorous stirring to a mixture of nitric acid and watér 
250 ml. conc. HNO3+500 ml. water. Мом dilute the solu- 
tion to one litre and after allowing it to stand fo 


r 1-2 days decant 
the supernatant liquid from the top. 


Dissolve 135 gms. of the salt in one litre water 


containing 20 ml. of 
‘conc. HCI. 


REAGENTS 


2. Barfoed’s reagent 


Make 17; acetic acid solution and in 200 c.c. of this solution 
dissolve 13:3 gms. of pure copper acetate. . 


3. Bromine water 
Prepare a solution by shaking 11 ml. of liquid bromine with 
one litre water. Saturated solution contains about 32:7 gms. 
of bromine per litre. 
4. Chlorine water 
Pass chlorine generated Бу dropping conc. НСІ upon 
KMnO, crystals into water till saturation. Saturated solution 
contains 6:5 gms. of chlorine per litre. 
5. Denige’s reagent 
Dissolve yellow HgO-powder in conc. HSO, (4 c.c. acid 
per gm. of HgO). Now pour this solution gradually and with 
Stirring into water the volume of which is five times the volume 
of HSO; taken to dissolve the mercuric oxide. 
6. Dimethyiglyoxime 
Dissolve 1 gm. solid in 100 ml. absolute alcohol. 
‚ 7. Diphenylamine 
Dissolve | gm. solid in 100 ml. conc. H5S0,. 
8. Fehling's solution 


Solution A (blue). Dissove by shaking 34:6 gms. of pure 
Си50.. 5H50 in water containing a few drops of conc. 80; 
and make up the volume with water to 500 ml. 

Solution B (colourless). Dissolve 175 gms. of Rochelle sait 
(бе. Sodium potassium tartrate) and 70 gms. of pure NaOH 
in water and now dilute to 500 ml. with water. 


The two solutions A & B are also described аз no. 1 and 2 respectively. 
Mix the two solutions in equal volume immediately before use. 
9. Fusion mixture 
Mix dry NaCO; and KCO; in equal proportion. 
10. Iodine solution. 


` Make a solution of 20 gms. pure KI in 30 ml. water. Now 
dissolve 12.7 gms. of iodine in this KI solution and then dilute 
to 1 litre with water. S 
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11. Magnesia mixture 


Dissolve 55 gms. MgCl, 2H5O and 135 gms. of МНАСІ in 
water, add 350 ml. of conc. ammonia solution; make up the 
volume with water to one litre. 


12. Mercurous nitrate solution 


Dissolve 200 gms. of mercury in just sufficient (moderately 
strong) nitric acid and then dilute to one litre with water. 
Keep a little metallic mercury in the bottle containing the 
solution. 


13. Methyl orange 


Dissolve about 0.5 g. in one litre of water. 


14. Phenolphthalein Е 
Dissolve | g. of the substance in 100 ml. alcohol and then 
add equal volume of water. 


15. Potassium cyanide 


Dissolve 32.5 gms. of the salt in one litre water. 


16. Reinhardt reagent 


Prepare a mixture of 250 ml. of water and 133 ml. of conc. 
#50, and cool. Dissolve 67 gms. of crystallised manganous 
sulphate MnSO4.4H5O in 250 ml. water, add carefully to it the 
Cold acid solution as prepared above. Now add 133 ml. of 


syrupy phosphoric acid and then dilute to one litre with 
water. 


17. Schiff's reagent 


Make a dilute solution of rosaniline hydrochloride; 
freshly prepared sulphurous acid solution with s 
colour is destroyed. 


add 
haking till the 


18. Sodium nitroprusside 


Dissolve a crystal of about the 


Size of a pea or even less in 
about 5 ml. water. 


19. Stannous chloride 


Dissolve 56 gms. of SnCl;2H50 in 100 ml. conc. HCl, dilute 
to one litre and keep a few pieces of metallic tin in the bottle 
containing solution. 
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20. Starch solution 


Make a thin paste of 1-2 gms. of soluble starch with a little 
| cold water and add 100 ml. of boiling water. Boil for about 
five to six minutes to get a clear solution. Add 2 gms. potas- 

sium iodide and 2-3 drops chloroform. 


21. Sulphurous acid 
Prepare a saturated solution of SO; in water. 


{ 22. Yellow ammonium sulphide (NH,)2Sx 


Saturate 200 ml. of conc. ammonia solution with hydrogen \ 
sulphide in the cold. Add 10 gms. of flowers of sulphur and 
200 ml. more of conc. ammonia solution, shake to dissolve all 
the sulphur and finally dilute to one litre. 


Е. Some Common Solid Chemicals 


Aluminium turnings Potassium nitrate 
Ammonium chloride Red lead 
Ammonium nitrate Silver nitrate 

Borax Silver sulphate 
Calcium chloride (fused) Sodium acetate 
Calcium oxide Sodium bicarbonate 
Cadmium carbonate Sodium bismuthate 
Copper turnings Sodium carbonate 
Ferrous sulphate crystals Sodium nitrate 
Jron nails Sodium nitrite 
Iron powder Sodium nitroprusside 
Lead carbonate Sodium peroxide 
Microcosmic salt Sulphur, flowers 
Potassium hydrogen sulphate Starch 

Potassium carbonate Tartaric acid 
Potassium chlorate Tin foil 

Potassium dichromate Urea 


Potassium iodide Zinc (granulated & pure) 
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# В Carbonate | Sulphide | Fluoride| Chloride 
Silver d.n. d.n. d.n. w. i 
Mercurous ... d.n. d.n. — d.n. c.n. 

Lead d.n. d.n. d.n. din. w. 
Mercuric d.h. d.h. ал. d.n. №. 
Bismuth c.h. d.h. d.n. d.h. d.h. 
Cuprous «| c.h. — c.n en c.h 
Cupric d.h. d.h. d.n d.h. У. 
Caümium ... d.h. d.h d.h У. w. 
Stannous d.h. = c.h w. w. 
Stannic i. — сћ У. w 
Arsenious ... | d.h — c.n. — У. | 
Antimonious d.h. — c.h. wW d.h. 
Antimonic ... c.h. — c.h. №. w. 
Aluminium d.h. — — У. w. | 
Chromic d.h. — — d.h. У. 
Ferrous d.h. d.h. d.h. У. У. 
Ferric d.h. — — w. w. 
Zinc d.h. d.h. d.h wW. w. 
Manganese c.h. d.h d.h d.h У. 
Cobalt 425 c.h. d.h. c.n. №. w. 
Nickel d.h. d.h. c.n d.h w. 
Calcium w. :d.h d.h. d.h. i. w. 
Strontium ... У. :4.в. | d.h. d.h, d.h, w. 
Barium w. d.h. d.h. d.h. w. 
Magnesium d.h. d.h. d.h. d.h. w. 
Е SCC ЕЕРЕЕ E OH arate 


АП sodium, potassium and атто! 
All nitrates and nitrites excopt 685 
Natural silicates are generally 1050 
silicates, which havent been igni 
Below is given the meaning of th 
w.—water. id 
d.h.—dilute hydrochloric ас! 5 
c.h.—concentrated hydrochlo 
d.n.—dilute nitric acid. 
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jomide Todide Borate | Phosphate | Arsenite} Arsenate | Chromate | Sulphate 
ч | d.n. d.n. dn. | d.n. d.n. w. 
c.n. | d.n. d.n. d.n. d.n. d.n. d.n. 
У. d.n. d.n. d.n. d.n. d.n. i. 
c.n. d.h. d.h. d.h. d.h. d.h. d.h. 
d.h. dh. | dh = d.h. d.h. w. 
c.h. = = 
= d.h. d.h d.h. d.h. d.h w 
w. d.h d.h. — d.h. d.h К 
w. d.h. d.h. d.h. d.h. — w. 
d.h. — c.h E c.h — 298 
d.h. = =: c px: FTA UR 
У d.h d.h. — d.h d.h № 
— d.h d.h. w d.h — w 
У d.h d.h. d.h. d.h. d.h. Ww 
— d.h d.h d.h. d.h d.h Ww 
w. d.h. d.h. d.h. d.h. d.h. 
w. ав. |“ dh. d.h. d.h. d.h. 
У. d.h. d.h. d.h. d.h. d.h. w. 


salts are soluble in water. 
ee and silver nitrite are soluble in water. eek 
> Some, which are hydrated are decomposed by conc. на. Bu 
g@'ndergo decomposition on treatment with dil. HCI- 
0 eviations used in the above table: 


t artificial 


c.n.—concentrated nitric acid 
a.r.—aqua regia. 
iq i.—insoluble. | 
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